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ABSTRACT 

Test EiT5 ''■■•s.s conducted in the ITASA/Calspan Ludvieg ‘Tube 'vind 
'Tonnel to detemine heat transfer and pressure distributions and gas 
recovery temperatures in the base regions of a rocket firing model of 
the space shuttle integrated vehicle. The distributions are a direct 
result of rocket plume gas recirculation and impingement at simulamed 
first- and second-stage flight trajectory conditions. Pie objective of 
this test was to extend the existing experimental data envelope to 
higher Mach numbers and altitudes . 

First-and second-stage flight trajector;;,^ conditions were simulated 
by simultaneous flow of the space shuttle model rocket engines and 
Lud-vrieg Tube Wind Tunnel into a vacuum environment. First-stage flight 
consisted of space shuttle main engine (S3D^) and SRB rockea motor 
simulation. Second-stage flight consisted of SSfffi simulation only. Pie 
Ludwieg Tube Wind Tunnel simulated Mach numbers of 3*5 and 1.5 over an 
altitude rar^e of 100,000 to 170,000 feet with varj'ing tunnel total 
temperature, model angle-of-attack, nozzle gimbal angle, and BRB chamber 
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ABSTRACT (Concluded)- 


pressure. For first-stage flight, the altitude r?nge was 100,000 to 
1^,000 feet at Mach 3*5 and 100,000 to l60,000 feet at Mach For 

second-stage flight, the altitude range was 130,000 to 170,000 feet at 
Mach 4.5. 

All objectives of Test IH75 were fulfilled. Four runs were obtained 
at Mach 3*5 to collect repeat data to verify that IH75 test techniques 
would produce satisfactory data. At Mach 4.5, twenty-three first-stage 
r'uns and fifteen second-stage runs were obtained. 

Tabulated heat transfer and pressure data are not presented with 
this report; they nay be obtained as shovT: in Appendix A. Gas recover^" 
temperature data derived from the thirteen gas temperature probe runs 
are presented in A.ppendix B. 

The model configuration, instrumentation, test procedures, and data 
reduction are described in this report. 

Procedures and data from the flow calibration of the Mach 3.5 
nozzle used with the Ludwieg Tube Wind Tunnel for Test IK75 are presented 
in Appendix D. 
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IirTRODUCTIOn 


Not being a conventional rocket launch vehicle, the space shuttle 
experiences co.’nplex heating and pressure conditions in its base regions 
during first-and second-stage ascent due to solid rocket booster and aain 
engine pluae interaction in the presence of the surrounding airstreaa. 
Since these heat transfer and pressure conditions cannot be adequately 
defined by existing analytical methods, they must be determined 
experimentally. 'The experimental data ".rill assist the design of thermal 
protection in the space shuttle vehicle base regions. 

This investigation, Test IKT5^ vas undertaken to measure heating 
rates and pressures and to determine gas recovery temperatures in the 
base regions of a scaled model of the space shuttle vehicle ’.rith orbiter 
and SRB firing rocket engines simulating plume recirculation and 
impingement in an altitude environment. Forty-t"JO runs ".rere obtained at 
Mach 3o and 4.5 with various altitudes and various model parameters 
simulating numerous shuttle first-and second-stage flight trajectory 
conditions. The model parameters included angle-of-attack, nozzle 
gimbal angle, and SRB chamber pressure. The results of the investigation 
are presented in this report. 
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PLOT 

SBIBOL I-LIEIvICI'IIC DEFIIJITIOI'I 



Tunnel Paramet 

ers (Freestream) 

Mx 

MACH 

Mach number 

PALT 


altitude pressure, psi 


PS 

static pressure, psia 

?0 

PO 

stagnation pressure, psia 

Re 

REB 

Reynolds number, l/ft 

Tx 


suatic temperature, °R 

To 

TO 

stagnation temperature, °R 

A*- 

^00 


absolute viscosity, Ib-sec/ft^ 


Model Paramete 

rs 

a 

ALPHA or ALPHAB 

angle-of-attack, degrees 

8 El 

ELEVON CONE. 

inboard elevon deflection, degrees 

^Eo 

ELEVON CONF. 

outboard elevon deflection, degrees 

■:d 


SRR and SSIiE nozzle gimbal pitch angle, degre 

Y 


SRS and SSITE nozzle gimbal yaw angle, degrees 


Pressure and H 

eat Transfer Parameters 

CAL 


oscillograph calibration, mV/in or V/in 

DEFL 


measured deflection on oscillograph, inches 

GAIN 


system gain 

T»* 

^’D 


thin-fiLn gauge calibration sensitivity, ohms 

K' 


thin-film gauge sensitivity corrected for 
abrasion and normal wear, ohms/°F 
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:TCLATURE (Coutinuec: 


PLOT 

SYMBOL MIE'IOinC DBFIMTIOK 


Pressure and Heat Transfer Parameters 


P 

?REF 

q 

Co 

“X 


■R- 

-'ll 


Riji 


S 


A 

ri 

D 

h 


PRESS absolute pressure, psia 

transducer pre-run ambient pressure, psi 

G heat transfer rate, ETU/ft~-sec 

analog c-meter proportionality factor 

thin-film gauge calibration resistance, ohms 

thin-fiLn gauge circuit line resistance, olums 

thin-fiLm gauge measured pre-run resistance, 
including line resistance, ohms 

pressure transducer calibration sensitivity, mV/psi 
Gas Recover;V' Temperature Parameters 

■wire cross sectional area, cm'^ 

’^re diameter, cm 

convective heat transfer coefficient, cal/sec- 
cm^-°K 



corrected convective heat transfer coefficient, 
cal/sec-cm^-°K 

vire thermal conductivity, cal/cm-sec-°K 
■’.rire length, cm 

heat input to the ttire from the gas, cal/sec 
heat due to current flou, cal/sec 
heat conduction to vire supports, cal/sec 
heat loss by radiation from the wire, cal/sec 
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PLOT 

SBIBOL MIEMOI'HC DEFINITION 


^-s 




*‘o 

Rv 

T^ 






Tv 


Tw 

X 


OL, /3 


y 


Gas Recovery Temperature paraneters (Continued) 

heat accumulated in the wire^ cal/sec 
heat gained by radiation from the gas, cal/sec 
■'.'.dre resistance at T^j, ohms 
measured wire resistance, ohms 
initial wire temperature, °K: (20°C) 
gas recovery temperature, °K 
Tr corrected gas recovery temperature, °K 

idre support temperature, °K 
idre temperature, °K 
mean wire temiperature, °E 
distance alor^g the wire, cm 
R-T curve fit coefficients 

narameter vh/lCD, — 
cm 


7 T constant 

o-Q wire resistivity at Tc(cTq = E^^A/'f), ohm-cm 

Subscripts 

1, 2 denotes long and short •'.dres 
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C OilZrC-UPATT CNS IIiTES _-j.C-A±^:-D 

The model configuration for Test IHT5 a 0.0225-scale version of 
the space shuttle integrated vehicle. Designated I9-OTS, the model 
employed short-duration, rocket firing techniques to simulate the vehicle 
rocket plumes during ascent. The space shuttle main engines (SS'lE's) 
burned hydrogen and oxygen gases, and the solid rocket boosters (SRS's) 
burned a solid propellant (ANB-3066B) to simulate either first-or second- 
stage rocket plumes at one-half f’ull- scale chamber pressure. 

The integrated vehicle model consisted of the orbiter, external tanl: 
(ET), and solid rocket boosters (SRB's) designed to outer mold line 
vehicle 5 specifications. 

Orbiter 

The ving, vertical tail, and body flap sLmulated planform, contour, 
and thickness distribution. Deflective split elevens vere simulated on 
the wing. Inboard elevens deflected +5, +10, and +15 degrees; outboard 
elevens deflected -5 and +5 degrees. Elevens remained fixed throughout 
Test IET5 2-t +10° inboard and 0 ° outboard. The rudder on the vertical 
tail was not simulated. The body flap remained fixed in the nominal 
position (zero deflection). 

Tne base heat shield was divided into four segm.ents to facilitate 
gimbal angle changes and to provide easy access to the instrumentation. 

Nozzles 

SSME and SRB nozzle internal surfaces were geometrically duplicated. 
External surfaces were smooth except for one exmra SSI-IE nozzle which 
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COI'IFIGUHiTICNS Iir'/ESTTG-ATED (Continued) 


sixuulated the external hatbands; the hatband nozzle vas used in the 7 fl 
SSME location during gas temperature probe runs. SSI-'IE and SRB nozzle 
walls were structurally thickened to vrithstand nozzle heating. 

Both Sa-IE and SEB nozzles had gimbaling capability. Gimbal angle 
blocks defined specific pitch and yaw nozzle displacements. V/hen 
required, each gimbal block rotated about its central axis to simulate 
various gimbal configurations; all gimbal blocks were designed to be 
positioned' at Iq-begree intervals around the circ’umfersnce . Null 
position for the S3''IE and SRB nozzles was as follows: 

Left and Right SKB's: Pitch = 0, Yaw = 0 

#1 Sa-!E: Pizch = l6° up. Yaw = 0 

#2 and #3 SSME: Pitch = 10° up. Yaw = 0 

For both SSJ-IE and SRB nozzles, deflections were as shown in Figure 1. 

ik^o non-firing SSME nozzles were provided T-rith the model for 
simulating engine-out operation. Although the two non-firing nozzles 
could replace any of the three firing nozzles, they were not used for 
this test program. 

OMS nozzles were non-functional. They were simulated internally 
and externally at their "stowed" ascent position which is six degrees 
pitch dovTi from null and seven degrees yaw outboard from null. 

External and Support Hardware 

External and support hardware on the orbiter, ET, and SRB's were 
not simulated except for the aft support hardware on the ET consisting of 
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COIITTGUPATIONS IrIVESTIC-ATED (Continued) 

struts, cross bean, diagonal cross strut, and LO 2 and LHg feed lines. 
These hardware were sinulated to scale but were not detailed or capable 
of carrying support loads. 

Support between the orb: ter and external tank was provided by an 
adapter which contained propulsion supply passages, autovalve control 
passages and instrunentation wire passages. The adapter also provided 
a mounting surface for the orbiter :ri.ng. 

The SRB's were supported at the center of the external uarik oy 
nountirig pads. A snail strut also attacned .just aft of une SRB nose. 

The mounting pad provided for ignition gas passage to the SR3 and a 
transducer installation to monitor chamber pressure. 

Model Support 

A thin-blade strut was mounted to the bottom of the external tank. 
The strut was bolted to a base fixture which was rigidly mounted to uhe 
floor of the Ludwieg Tube Wind Tunnel receiver ta.nk. Thus, the model 
was mounted upright just downstream of the nozzle exit. Model ar.gle-of- 
attack was determined by the bolt hole pautem at the struu/base fixture 
interface. 

Nomenclature 

Nomenclature for model I 9 -CTS was as follows: 

Component Definition 

3gii fuselage body 

C-jg canopy 
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CCI'IrlGuTATICrlS II5VE3TIC-ATED (Continued) 

Definition 
eleven 
body flap 
CMS pod 
OMS nozzle 
SSME nozzle 
vertical tail 
wing 

solid rockez booszer 
solid rocket booster nozzle 
external tank 

Tliese components of the space shuttle vehicle are identified in Figures 
2 and 3* 

Dimensional Data 

Dimensional data for model 19-0T3 are presented in Table III. 

Model Prayings 

Further description of the model including model drawings can be 
found in Reference 1. 

Propulsion Systems 
(Orbiter) 

The orbiter propulsion system consisted of hydrogen and oxygen 
charge tubes, a fast -acting bipropellant valve (autovalve), hydrogen and 
oxygen venturis, an injector, a combustion chamber, and the SS-IE gimbal 


"^3 

Fi4 

Mi3 

II92 

N94 

V23 


II106 

^33 
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CCI'i7IGURP.TI0NS II^rVUSTIGATSD (Continued) 


■block/nozzle assemblies. 

The charge tubes were arranged spirally inside the external tank to 
supply hydrogen and oxygen at approximately 300 '^ psia through the aubo- 
valve to the venturis. V'nen the autovalve opened, the gases were 
supplied to the ventuils at constant conditions for the wave time of 
the charge tubes. The hydrogen charge tube, being larger, was located 
in the front of the external tank. The oxygen charge tube, in the back 
of the external tarJc, was separated from the hydrogen charge tube by a 
cavity used to route gas lines and wiring from the orbiaer to one model 


sorut . 

Tne autovalve is a pneumatically operated piston type valve. Ttrc 
solenoid (Valcor) valves, when energized, emitted high-pressure nitrogen 
(approximately 3 OOO psia) to chambers within the autovalve for opening 
or closing. SS-IE nozzle flow time was controlled by the relative time 
between solenoid valve operation. 

The venturis operated under choked flow conditions. 'Tney were 
designed for an o/F ratio of 6.0. Separate venturis are used for two- 
engine and three-engine 3SMS operation to simulate the proper mass flow 
an each condition; only three-engine SSI-IE operation was simu.la.ted for 
Test IHT5. 

The in.jector *ra.s composed of twelve doublets designed no impinge on 
a diameter equivalent to the combustion chamcer area mean diam-eter. 
Doublet holes were of equal size and angled to balance the radial 
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GCITFIGUHATIGNS IIIVESGIGATED 

momentiLT- of the hydrogen and oxygen streams . 

The combustion chamber provided necessary volume for the gases to 
mix and burn. It was common to all three 3SMS nozzles. A pyrotechnic 
ignition source was located in the chamber. 

The SSME gimbal block/nozzle assemblies were located downstream of 
the combustion chamber. The nozzles were scaled and contoured internally. 

(Solid Rocket Booster) 

Each solid rocket booster consisted of a propellant holder, an 
ignition gas system^ a diaphragm, and a gimbal block/nozzle assembly. 

SRB flow was controlled by the amount of solid propellant used; pro- 
pellant thickness determined the burn time while propellant surface area 
determined chamber pressure level. 

The propellant holder was a cylindrical casing which fit inside the 
SRB, Solid propellant (=0.0p0 inch thick) was glued to a thin aluminum 
sheet (=0.011 inch thick) and rolled inside the holder. Solid pro- 
pellant surface' areas required to produce the desired chamber pressures 
are listed in Table I'v. Both ends of the propellanm 'nolder were capped 
to enclose the holder during initial propellant burning: a solid cap at 

the forward end and the diaphragm at the aft end. 

An ignition gas composition of ethylene and oxygen filled each SRJB 
just prior to ignition to provide a high-energy source for rapid ignition 
(<5 msec.) of the solid propellant. Ignition gas pressure was nominally 
16.5 psia. The mixture was nominally o/F = 5 . 0 . A pyrcmec'nnic source 
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in each SRB nose ignited the gas viiich, in turn, ignited the propellant. 

The diaphragm was contained in the aft propellant holder end cap. 

It consisted of thin sheets of Mylar, 0.040 inch total thickness, sized 
to burst at slightly above the desired chamber pressure. 

The gimbal block/nozzle assemblies were scaled and contoured 
internally. 

The solid propellant, AIiB-30c63, was a Class 3 explosive that 
f’anctioned by rapid combustion rather than detonation. Tne burnir-g 
rate was a function of pressure, temperature and humidity. 



INSTRUMENTATION 


Heat- Transfer Gauges 

Thin-film heat- transfer gauges (References 2-4) were employed for 
the measurement of model surface heating rates. The sensing elements 
are thin (order of 0.1 micron) platinum resistance thermometers fused 
onto the surface of pyrex substrates. The thin-film heat- transfer gauge 
operates on the principle that the film thickness is much less than the 

characteristic thermal diffusion depth for the short duration of the test 
event. Thus, the temperature gradients and heat capacity of the film are 
negligable, and the instantaneous film temperature can be said to be 
equal to the instantaneous substrate surface temperature. 

The resistance elements are coated with a dielectric film (i.e., 
MgF 2 ) which provides the following beneficial characteristics: (1) it 
affords mechanical protection for the elements, (2) it improves electric 
stability of the elements by sealing against the ambient environment, 

(3) it provides electrical isolation from ionized gas flows, and (4) it 
provides higher absorptivity to radiant heat flux than can be obtained 
with uncoated surfaces. Loss of gauge response due to the presence of 
the coating (approximately one micron thick) is negligible. 

During operation, the temperature- induced resistance change of the 
platinum element is sensed electrically. For those gauges that were 
recorded directly on oscillographs, the electrical signal was fed to an 
analog network (known as a "Q-meter") , which converted the indicated 
surface temperature in real time to an instantaneous heat- transfer rate 
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IIISTHn-lEITTATICN (Ccntinued) 

by employing one theory of linear neat conduction to an infinite slao 
(References 2 and 5)* 'rnis conver;sicn is applicable over a vide range 
of test conditions, if proper account is taken for ga'ige resistance 
changes due to erosion and variations in the physical properties of the 
substrate vith temperature. 

For the heat-transfer gauges that were recorded on Ft<I tape, the 
voltage signal proportional to surface temperature vas recorded. After 
a -cest ran, the tape vas played back, and the signals were fed to analog 
■<-meter netvcrks . The output of these Q-meters was then recorded on 
an oscillograph. 

Two types of heat-transfer gauges were employed duririg the test: 
standard and radiative gauges. The physical construction of the two 
gauge types is similar. The ends of the platinum sensing element are 
electrically connected to the back of the substrate by silver fiLm 
deposited on the Pyrex. The lead wires are soft soldered to the silver 
on the back of the gauge. 

Standard Garage 

The standard heat-transfer gauge consists of a platinum film fused 
onto the sui'face of the Pyrex substrate which, in turn, conforms mo the 
local contour of the model. This gauge is sensitive to the entire 
convective heat flux, as well as a portion of the radiative flvu:. The 
amount of incident radiation sensed by Lhe gauge is a f’unction of ius 
spectral absorptivity, as well as the spectral radiance of the energy 
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INSTRUMENTATION (Continued) 


source. 

Radiative Gauge 

The radiative heat- transfer gauge consists of a standard gauge upon 
which a thin coat of aluminum black has been deposited. The coated gauge 
is mounted within a holder and isolated from convective heating by a 
synthetic sapphire windor, which has excellent transmittance in the wave- 
length interval of interest, and also protects the relatively fragile 
black coating. Essentially, radiation gauges of this type have a uniform 
spectral absorptivity of about 0.85 over the 1 to 6p wavelength range. 

Pressure Transducers 

Model surface and tunnel pressure measurements were made using high- 
frequency response transducers (References 2 and 6) . These devices 
employ lead-zirconium-titanate piezoelectric ceramics as pressure- 
sensitive energy sources and include integral field-effect- transistor 
(FET) circuits for power amplification and impedance matching. The 
complete transducers are typically 0.37 inch in diameter by 0.23 inch 
thick. Units with nominal sensitivities of 2000 mv/psi (0-2.5 psi 
range) 150 mv/psi (0-10 psi range), and 50 mv/psi (0-100 psi range) 
were used. Typically, transducer sensitivities are linear to within 
±2% throughout their respective ranges. To provide acceleration 
compensation, a second integral, but pressure insensitive, diaphragm/ 
piezoelectric crystal unit is wired in opposition to the active unit. 

This design reduces acceleration sensitivity to nominally 0.00015 psi/g 
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IIISTRUMEKTATION (Continued) 


and 0.0004 psi/g, respectively, for the lou-rar^e and high-range trans- 
ducers. In order to nininize temperature-induced effects on the trans- 
ducer diaphragms, copper heat shields were installed to provide line-of- 
sight shieldirig from radiant or hot gas sources. 

Propellant flow passage and combustion chamber pressures in both 
the orbiter and the BSR-l's were sensed with commercial , fast-response, 
piezoelectric pressure transducers. ?CB transducers were used for 
propellant flow passages. Kistler transducers were used for the com- 
bustion chambers. Protection of the transducer from the hot combustion 
gases was provided by a thin layer of RT'/'^ over the diaphragm, a heat 
shield, and a devious pamh orifice arrangement. Appropriate impedance 
matching of zhe Kistler transducers was provided by external charge 
amplifiers . 

Gas-Temperature Probes 

Gas -temperature probe (GTp) measurements in the ba.se regions of the 
model were used to derive gas recovery temperatures. The gas-temperature 
probe is a thin wire resistance thermometer consisting of two, thin 
platinum -lOp rhodium wires, approximately' 1 and 2 mm long, mo'unted 
parallel on the tips of four needles positioned accordingly. Wire 
resistance due to the rocket plume heating environment is related to the 
wire temperature and then used to solve the thin ■'.•rire heat balance 

* Kistler Instrument Corporation, Clarence, New York and PCB Piezo- 
tronics, Inc., Buffalo, New York. 

** Room Temperature Vulcanizing rubber. 
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Ii:STKU:.IZ:;iiATIGr ( Con-cinue^: ' 

equations to produce tiro unknoinis; gas recover;/’ temperature and 
convecxive heating rate. Tne tifo vires allow independent measurements 
of the flo'v field heating environment for simul-canecus solution of the 
heat balance equations . 

The gas "temperature probe was mounted in a holder designed to 
position the two wires 0.10 inch to O.pO inch from the model surface and 
to allow rotation for more direct exposure so mhe flow; wire position was 
maintained at 0.25 inch throughcu’o Test IK75* 

Wire diameter varied with location on the model. Initially, 

2.5^ X 10"^ cm diameter wires were installed at all gas -temperature 
locations. This size wire survived the model firing, but the return 
wave from the Ludwieg Tube Wind Tunnel receiver tarOi end wall destroyed 
the wires on the external tanl-: probes. Subsequently, the ET iriiro 
diameter was doubled ( 5 *08 x 10"^ cm). 

An iron-ccnstantan "Type J" thermocouple was .mounted in the tip 
of one needle on each probe to monitor probe te.mperature during .model 
firing. 

Further description and procedures for the gas -temperature probe 
can be found in References , 8, and 9* 

Instrumentation Locations 

Pressure, heat transfer, and gas- temperature probe locations on 
the .model are shoirn on Fig^'ores la through 4t. -The instrumentation is 
summarized below and itemized on each figure. 
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II'STHUI-IEinATICn (Concluded) 


Standard heat -transfer gauges lS8 
Radiative heat-transfer ga.uges 22 
Pressure transducers 33 
Gas -temperature probes T 


'The instrumentation numbering system used on Figures la through It 
summarized in Table V. 

Instrijmentation on the model actually used for Test IHT5 is 
categorized according to instrumentation configuration in Table ’/T. 
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TEST EA.CILI 1 T DESCFIPTICII 

A short -duration tube ^/d.nd tunnel (Lud'vrieg tube) (Reference lO)^ 
provided aerodynamic flow about the test model to simulate specific 
regimes cf the Space Shuttle launch trajectory. Figure 5 depicts the 
facility and identifies its main components. 

In operation, the test gas is initially loaded into the tS-inch 
diameter supply tube and contained 13;- a mg/lar diaphragm located just up- 
stream of the nozzle. To initiate flow, the diaphragm is cuz by me- 
chanical-means. A centered expansion wave then propagates upstream in 
the 3uppl3/’ tube and accelerates she test ga,s to a steady velocit3;'. Tlae 
gas expands thro’ogh the nozzle into the initially evacuated receiver 
tar± (See Table l). Hearnvhi le , the expansion wave in the suppl3" tube 
propagates upstream at acoustic speed. The nozzle supply conditions 
remain constant, and flow is steady until that wave, reflected from the 
upstream end of the supply tube, returns to the nozzle inlet. A 
schematic diagram of this operation is shct-m in Figure 6. For the 
60-foot long supply tube, steady nozzle inlet conditions are maintained 
for approximately 90 milliseconds (ms) when the test gas is ambient 
temperature air or nitrogen. 

The test ge.s,, expanding through the nozzle into the receiver tank, 
provides the desired ambient test conditions in the free jet test section 
at the nozzle exit. The test flow continues dovmstream in the receiver 
tanl: at high velocity, until it is brought to rest when it encounters 
the receiver tank end wall. The incoming test gas develops a stagnated 
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volume at the end wall, which continues to grow in the unconstrained up- 
stream direction. A shock front (i.e., the interfacial boundary between 
the incoming high velocity test gas and the stagnated gas) thus 
pronagates upstream until it encounters and (usually) breaks do7m the 
test section conditions established by the nozzle flow. Prior to test- 
ing, flow brealcdown time in the receiver tanl: was estimated to be 
auproximately equal to the supply-tube wave time for she external flow 
conditions of this program. 

For some of the test runs, one supply-tube gas charge was heated 
during its residence in the charge tube in order to effect a more 
reasonable simulation of the shuttle flight trajectory conditions. Strip 
heaters, covered with high-temperature insulation, were distributed 
uniformly on the outside surface of the tube. The heating system 
provided the capability of raising the wall temperature to 600°F. 

Separate "on-off" temperature controllers, with adjustable setpoints, 
were used to control the longitudinal temperature distribution. Cne 
effect of heating the gas in the supply tube was to reduce the time 
during which steady pressure was available at the nozzle inlet from 
approximately 90 for ambient temperature gas to about 65 ms for gas 
at 600°F.* 


That is, because of the higher sound speed in the hot gas, the 
expansion wave velocity is greater. 


23 




To .’maintain ^he pre-run strength and integrity of the mylar 
diaphragm, a water cooling system consisting of internal and external 
jacket coils was installed at the diaphragm station. Pre-run gas 
temperature in the portion of the supply tuoe just upstream of the 
diaphragm was consequently reduced to 3 OO to toO°F. Although this 
environment proved suitable for diaphragm sur’/ivabilimy, it also 
produced an axial temperature gradient in the supply tube gas charge. 
Thus, as the supply-tube gas passed through uhe nozzle and expanded into 
tile test section, the total temperature varied during the early portion 
of the test time. It was constant during the time the data were read. 

The Mach 3*5 auid k.3 nozzles, fabricated of glass -reinforced poly- 
ester resin, were contoured to provide 'uniform, parallel test section 
flow. In order to comply with existing I'acility length constraints, 
she final four feet of the theoretical full-expansion length vrere omitted 
(e.g., see Fig’ore T)* The resulting maucimum free jet test rhombus 
diameter was somewhat smaller than the nomins.1 five-foot exit diameter 
of the nozzle. 
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Installation 


Li_0-L 1 r\‘ 


Model 19-CTS vas installed in the upright position ,pust dc'vrnstrearu 
of the nozzle exit plane (see Figure 7). Tne nodel sat atop a thin- 
oladed strut which was inserted into a base fixture rigidlj- attached to 
the receiver tanic floor. Model angle-of-atta.ck was deterained by selec- 
ting the proper bolt hole pattern at the strat-base fixture interface. 

Model instruaentaticn wiririg and propulsion lines were rcuoed 
through a shroud, attached to the trailing edge of the struo, to the 
lower base region of the strut. Propulsion lines were then routed 
through a pressure buUusead at the receiver tarl: wail. Cnee outside, 
the lines extended to isolated sources (K-bottles) or to vent areas. 
Instrumen'caticn wires were soldered to a oatchboard as the base of the 


strut. Tunnel wiring relayed the instronantation signals fron: the 
patchboard to the appropriate data acquisition syste.us. '■•rnile enroute 
to the data acquisition systens, the wiring passed through sealed bull:- 
head fittings at the receiver tank wall and through a switching panel. 

Control panels for regulating gas flow to she nodel propulsion 
systens were located in the control roon. Gases required to operate the 
nodel were; 


Oxygen 

Hydrogen 

Ethylene 

Keliura 


orbiter charge tubes and SPS ignioion 
orbiter charge tubes 
SR3 ignition 

orbiter and ET leal', checking 


25 



1 j. r' L 


:UK 



Ilitrojen - autovalve operation, charge tubes for 
orbiter cola flcv r^uns, charge tube 
purging, and S?£ leak checking 

Front and rear views of the first-and second-stage model configu- 
rations installed in the Ludwieg tube wind tunnel are shown in Figure 2. 

Instrumentation Calibrations 

The calibration methods utilized at Calspan are described in detail 
in References 2 t'nro'ugh b and 6, along wiuh she theoretical consider- 
ations from which they are derived. Calibration records are maintained 
at Calspan. However, the following comments are appropriate with respect 
to their aoolication to the test. 


Pressure 

Prior to the start of the test program, all pressure transducers 
used in the model were pneumatically calibrated with a series of step 
pressure inputs covering the anticipated range of usage. Trie voltage 
output variations of the transducers were t’^’pically linear within i2y. 

Tine Kistler pressure transducers used for combustion-chamber 
pressure measurements were dynamically calibrated prior to the test 
program by means of a high-pressure pneumatic calibration system. 
Linearity was again tt-pically well within the nominal i2-'; bandwidth. 

Heat Transfer 


The standard calibration procedure for a thin-filia heat- transfer 
gauge is explained in detail in Reference 3* Its resistance is measured 
at three temperatures in order to obtain the gauge's temperature 
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sensitivity K =Ar/AT. The temperature ranpe is nominally 70 ° to IpO^F. 

Gas-Temperature Probes 

Prior 1:0 installation in the model, gas -temperature probes were 
calibrated over their operating temperature range to determine resistance 
change i-rith wire temperature. Calibrations were also required following 
repair or following the test program to determine changes that could 
account for data anomalies. 

Recording System 

A complete gain calibration of each oscillograph recording channel 
with its associated conditioning amplifier was performed prior to the 
start of the test program. Routine checks, during the course of one 
test program, disclosed no appreciable variations (i.e., drift or 
fluctuations) . 

Operating Procedure 

The test objectives required simultaneous realization of steady 
exhaust plumes from three scale SSME rocket nozzles, as well as from the 
two solid propellant SRB engines during the short diiration of steady ex- 
ternal flow produced about the I9-OTS model. After initiation of the 
external flow, model operation was characterized by ignition of SRB and 
SSl'iE propellants sequenced to attain simultaneous, steady-soate plume 
flow. 

As a result of experience with the model during previous tests, 
proper synchronization of the three flow events (i.e., orbiter SSIS 
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rockets, SRB aotors, ana Ludvieg tube external flcv) did not present 
significant problems. Test runs 1 through 3 u'-ere required before full 
synchronization vas achieved. After that, the only operating problems 
were occasional relay failures, vherein igniters failed to fire. 

Test runs were categorized according to the instrumentation being 
recorded. Instrumentation configurations were distinguished by model 
configuration and type of instrumentation (Reference Table o). The 
general run sequence was: 

1. First-stage configuration runs (Instr. Ccnfig. l) 

2. Second-stage configuration runs (instr. Config.3) 

3. Second -stage gas temperature probe runs (instr. Ccnfig. 4) 

4. First-stage gas temperature probe runs (instr. Config. 2) 

Test runs producing good data are listed in Table II. 

Procedure to achieve synchronization of the three flow events with 
the data acquisition systems was similar for all runs. Gas-temperature 
probe runs required additional monitoring to insure probe integrity at 
the start of the r’un. The general procedure was as follows: 

1. Follo^'H.ng model refurbishment and Ludwieg tube diaphragm 
replacement, the tunnel was closed for receiver tank evacuation. 
The target evacuation pressure v^as always less than one-tenth 
of the nominal freestream static pressure during tunnel flow 
(See Table l). The target pressure was not always atnainable, 
especially at the high altitudes where leaks around the 
receiver tanlc were of the same order as the evacuation rate. 

2. Approximately one hour before model firing, the crbiter 
propulsion gas systems were roughly set to the desired pressures. 
Any syste.m leaks could be detected before model firing. 

Final pressure' adjustment occurred Just prior to model firing. 
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3 . At about the same time period, the Vidar dana acquisition system 
vas prepared for recording, i.e., gains vere set, signal full 
span was verified, and signal zero vas verified. GJne Vidar 
system was continuously monitored 'ontil model firing. 

4. Approximately one-half hour before model firing, thin-fiLn ga’oge 
resistance readings were manually recorded on a digital volt 
meter. 

5 . Approximately five minutes before model firing, the ignition 
gas mixture was loaded into the SRB's. At about the same tiice, 
pre-run gas-temperature probe readings, total resistance and 
line resistance, were recorded. 

6. When time for mhe model firing, all model and data acquisition 
systems were given a final check. If ready, mhe final step was 
to load the Ludwieg tube driver section to the desired charge 
pressure. 

7. Following model firing, the receiver tank required about thirty 
minutes of evacuation, before model refurbishment could begin, 
to exhaust SEE propellant residue from the tank. 

Time between runs was usually dictated by evacuation of the receiver 


tank. T"^o or three runs were typical for an eighn-hour work period. 

Synchronization of the three flows, Ludwieg tube, orbiter SaiE, and 
SRB, was controlled by a series of timing relays initiated by a single 
pushbutton fire switch. The relays were set to first; initiate SRB 
flow, second; initiate Ludwieg tube flow, and third; initiate SSME flow. 
SSME flow duration was typically 60 milliseconds ■v.’lth the first 10 
milliseconds required for flow stabilization; duration was determined 
by proper sequencing of the autovalve opening and closing pressures. 

SRB flow duration was determined by propellant thickness (=0.050 inch); 
total duration was t;ypically l30 .milliseconds with the first 30 milli- 
seconds required for flow stabilization. Ludwieg tube flow duration 
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was as described in the Test Facility section: typically 90 niilliseccnds 

for ambient temperature driver gas and 65 milliseconds for o00°F driver 
gas; Ludwieg tube flow stabilization was typically less than 10 milli- 
seconds. Vfnen synchronizing the three flows, 3RB flow timing was most 
critical, not because of the relatively long stabilization oime but 
beca.use of its effect on the receiver tank environmenu. Flow breakdown 
time, described in the Test Facility section, was significantly 
decreased due to the mass of the SRE floi,' adding to the stagnated volume 
returning from the receiver tank end wall. Thus, data had to be recorded 
during early SR3 flow before flow breakdora. Pressure measurements at 
the Ludwieg tube nozzle exit plane determined i/hen flow breakdown 
occurred. Flow brealidoim varied with SR3 chamber pressure and Ludwieg 
tube flow conditions. Maximum operating conditions with Model I 9 -CTS 
in the Ludwieg tube wind tmmel based on the flow breakdown process are 
aresented in Table VTII. Typical model and tunnel operating data are 
presented in Figures and 9°. 

It should be noted at this time that static pressure of tne Ludwieg 
tube flow at a simulated altitude is one-half of the actual altitude 
pressure. Actual altitude pressures were determined from Reference 11. 
With the model SSiiE and SRB propulsion syste.ms operating at one -half 
full-scale chamber pressure and the Ludwieg tube wind funnel operating 
at one-half actual altitude pressure, the scaled SSI-IE plume flow field 
was duplicated. 
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Model refurbishment between mns consisted of niodel configuration 
changes, new SPv3 propellant, and new 3KB and 3SME igniters. Model 
configuration changes were usually SSIvIE and 3K3 nozzle gimbal angle 
changes. Following propellant and igniter replacement, an SR3 ignition 
gas leak check procedure insured that the new propellant holders were 
installed correctly. Loss of ignition gas during a ran would cause 
SFiB misfire. To leak check, nitrogen was loaded into the propellant 
holders at approximately 50 psia. An acceptable leak rate was 0.2 psi 
per minute. For a good propellant holder installation, which was ccmm.cn, 
there would be no leak, during the first .minute. 

Data .Acquisition 

Both oscillographs and an FM-Multiplex tape recorder system were 
used to record test data. A total of 123 channels v/ere available during 
the test. However, since the total number of .model measurements was too 
large to record si.multaneously, four different instrumentation set-ups 
were used. 

A total of 62 data channels were recorded on 5 twelve-or-fourteen- 
channel direct-writing, light-beam oscillographs, employing galvanc.meters 
having a flat frequency response bandiridth of O.cOO Hz. A chart speed 
of 32 inches/second provided adequate ti.me resolution and frequency 
response. THro types of conditioning amplifiers, having a variable gain 
from 1 to 100 or 1 to 1000, provided the amplification necessary to • 
drive the galvanometers. 
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The IM-Multiplex tape recorder system was a portable Vidar system 
consisting of 12 tape tracks with 6 channels each. Only eleven tape ' 
tracks were available for this test program to comprise the remaining 
66 data channels. The Vidar VCO amplifiers provided system gains of 

0.40, 1, 3 * 33 ^ 10^ 33 * 33 > aiid. 100. To provide additional amplification, 
separate pre -amplifiers with gains of 1 to 1000 were connected in 
series to the Vidar VCO amplifiers. Full-scale input to the Vidar tape 
recorder was 1-volt. The standard procedure was to use the pre- 
amplifiers and the VCO amplifiers to boost the anticipated instrumen- 
tation output (heat-transfer gauge or gas-temperature probe) to 1/2- 
volt for input to the Vidar tape. For data playback, two tape tracks 
(12 channels) at a time were patched thro\igh a q-meter circuit (see 
Data Reduction) and output on to a fourteen-channel, direct-writing, 
light-beam oscillograph. Playback amplifier gains were set to provide 
1-inch deflection for a full-scale 1-volt tape signal. A schematic of the 
Vidar data acquisition and playback is presented in Figure 10. 

Of the 128 channels available to record test data, from 90 to 100 
channels were used to record model data. A summary of the model data 
recorded for each instrumentation configuration is presented at the end 
of Table VI. Channels not used for model data recorded the following 
essential information; 

1. Model operating pressures (propellant flow passage and combustion 
chamber) 

2. Model timing events 

3. Tunnel operating data (pressures and temperature) 
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A sumiiiar;-" of the data recorded by the Vida.r and oscillograph data 
acquisition syster.s for each instrunentaticn configuration is presen 


in Table IX. 

Signal conditioning for the Kistler pressure transducers was 
provided by external charge amplifiers. Signal conditioning for the 
PC3 pressure transducers was provided by a 1107 multi-channel power unit 
built specifically for the transducers. Tl'.e power supply unit supplied 
227 and 12mA current excitation for each transducer. Being highly 
sensitive, the pressure transducers did not require additional ampli- 


lication. 

Thin-film gauge signal conditioning consisted of circuitry with the 
gauge connected in series with a lOK-ohm series resistor and a 220-oh-m 
coupling capacitor resistor. Excitation voltage for the circuit was 3'^V. 
For a nominal 100-chm thin-film gauge, the circuit current was 2.91mA. 

All thin-film gauges recorded on the 7idar Rl-Multiplex tape recorder 
system and oscillographs required amplification. 

Gas-temperature probe signal conditionirig was provided by a po'.rer 
supply panel which allowed the current to be adjusted to match the probe 
wire size. The panel supplied 157DC excitation to each probe. Further 
details of the power supply panel are given in Reference 9* 

SSME nozzle position and instrumentation orientation depended on 
the use of gas-temperature probes. Without gas- temperature probes, the 
^1 and y2 SSME instrumented nozzles were used in SS-S positions 1 and 2 
as shown in Figure 11a. With gas- temperature probes, the hatband nozzle 
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was added, and all three instrumented nozzles were positioned as shown 
in Figure 11b. The figures are viewed looking forward along each nozzle 
axis . 

Data were reviewed immediately after each model firing to: 

1. Verify satisfactory model operation. 

2. Verify sufficient data and their integrity. 

Oscillograph records of the tunnel and model operating data were examined 
first to verify model operation. Then, all Vidar data were played back 
onto the oscillograph and along with remaining on-line oscillograph data 
were examined to verify data integrity. All model data were reviewed 
after each test run. 
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TATA fSCUC 


Tne Mach h .3 nozzle was calibrated prior to Test IH 75 and found to 


nrovide satisfactory flow at the design Macn ntunber over 
range of the tests. Because the Mach 3-5 nozzle had not 
calibrated, this \t 3 .s done prior to the present prcgrar., 
are suinmarized in Appendix D. Tne average zest section 


the pressure 
been previously 
and the results 
Mach nurfoer, use 


a 


in the data reduction, was 3 .^ 4 . 

Thus, test section static pressure and static temperature w'ere 
computed by: 

3.^31 k .3 

.013^1 Po .003455 Po (psia) 

T^ .2917 To .1930 To (°H) 

where Pq and To were the average nozzle stagnation conditions measured on 
each run during the data acquisition zime. Tne respective simulated 
test altitude was determined from a pressure equal to twice the calculated 


static pressure (PALT = 2 P^ ) to account for the 1/2 reduction in the 
combustion chamber pressure. The altitudes corresponding zc the pressure 
PALT were found using the 1963 Patrick Atmosphere Tables (Reference ll). 

Tne test section unit Reynolds number, derived from isentropic flow 
relations using nitrogen as an ideal gas, was calculated by using zne 
exnression 


Re/ft 



1 


To 


7 /'. 

“CC 



( 1 ) 
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rJ^-L/U'sy X J- L-'i. o 


where the viscosity /x^ for nitroyen was cased on 


Moo “ 3 -^ >- 10"'^ (40,2 


-f- TO,' 
-‘■00 -^■ 


:) (ib-sec/ft'^) 


with in ^R. 


pressure 


All of zhe pressure transducers employed during this prograrr. 
operate on a differential basis in that they sense me change between the 
local pressure applied to nhe .nodel during uhe r.in and the pre-r’un ancient 
pressure. According!;/, the receiver tank pre-run absolute pressure was 
a.dded to the measured pressure change for all transducers exposed no one 
tunnel environaent. For the SRB's, however, the initial ignition gas 
pressure of 16. 5 psia was added to the transducer output to derive the 
absolute pressure. Absolute pressures were calculated according to 


aquation ( 3 ). 


■P, CAL A DFFL • , 

3 X GAIII 


(psia) 


CAL = oscillograph calibration (nV/in) 

DEFL = measured deflection on oscillograph due 

to transducer output (inches) 

S = transducer calibration sensitivity (mV/psi) 

C-AIl'I = system gain 


= transducer pre-run ambient pressure (psi) 
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Tne thin-iiLT. gauge is a resistance therscmeter vhich responds to the 
local surface temperature of the substrate. The classical theory of heat 
conduction in a homogeneous body is used to relate the surface temperature 
history to the rate of heat transfer. Due to the considerable effort 
reCuired to convert temoerature-tirne records in~c ecuivalent heating rate 
histories, an analog netvork, referred to as a "q-meter,” has been 
developed to convert the temperature signal directly into a heat flitx in 
real time for presentation on the oscillograph (Reference p)> All thin- 
fiLt gauge, heat-transfer data for this study were obtained through the 
use of q-meters. 

For the heat-transfer data recorded directly on the oscillograpns, 
each channel was equipped with a q-meter. The heat-transfer gauges 
recorded on the Hi -Multiplex tape recorder system were handled somewhat 
differently. The outputs of the thin-fiLm gauges (which are proportional 
to the surface temperature of the gauge) were recorded on the F!4 tape. 
After each test run, the tape was played back through an analog q-meter 
and the signals proportional to heat-transfer rate were recorded on an 
oscillograph . 

Signals from the q-meter analog circuit, proportional to the heat- 
transfer rate, were converted to heating rates by the following equations: 


Kb X (Rt - Rl) 


( ohms / ) 
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K' 

Kb 

Rb 

i'L 

Rti 


gauge sensitivity corrected for abrasion and norr.al 

calibration sensitivity (chms/°F) 

calibration resistance (ohms) 

circuit line resistance (ohms) 

measured pre-run gauge resistance, including line 
resistance (ohms) 


[P.T + 10220] 

2d = ~ 

3O60OO X K' 

cp is the analog q-meter proportionality factor to convert gauge oui 
in volts to heating rate. 


a - 


qp X CAL X DSFl 
Gaj.1'1 


(BTU/ft“-sec) 


(?) 




(5) 


vhere 


q 

CAL 


DEFL = 


neating rate 

oscillograph calibration (V/in) 

measured deflection on oscillograph due to ga’oge output; 
the deflection may be directly recorded through a c-meter 
or played back from the Vidar through a q-meter (inches 


GAIIT = system gain 

Recovery Temperature (Gas-Tem.perature Prooes) 

Gas— temperature probe data reduction at the test site vas minimal. 
Information vere presented for calculating gauge output in millivolts 
only for comparison during later off-site data reduction at RH-'TECH , Inc. 
To facilitate data reduction by RHITECK, the Vidar 2i-! tapes containing 
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gas temperature probe data vere first digitized at the Rockvell Inter- 
national, Los Angeles Division D^mamics Laboratory. T'/.'c time frames of 
data, 270 msec/frame, were digitized at a rate of 3'^00 samples per second, 
■rne time frames covered the period from 100 milliseconds before the SRB 
ignition signal. To, to milliseconds after. Digitized data tapes 
received by RElviTECK, Inc. were converted to engineering ’units, reformatted, 
and used as outlined below to calculate gas-recovery temperatures and heat- 


transfer coefficients . 

Gas-recovery temperature data reduction procedures, in general, re- 
main unchanged from those used for previo’us impulse base heatimg tests. 
Tnese procedures are documented in References 7 and 8. For test IH75j 
however, there w'ere improvements to the data reduction program used for 
calculating gas recover;/' temperature. These improvements are detailed 
in Reference 9 and outlined briefly in the remainder of this section. 

Previous data reduction required simultaneous solution of the 
complete heat balance equation for two thin wires. The equation is: 

Q-s = 'i.j + Ic - °-k " ^ '^-wg 

where 


a . 

'■j 

G„ 


0. 

‘K 


an/' 


c. 


ro* 


heat accumulated in wire 
heat due to current flow 
heat input to the wire from gas 
heat conduction to wire supports 
heat loss by radiation from wire 
heat gained by radiation from gas 
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This equation was non-linear in two unkno’.-ms, and h, and required 
a n’uir.erical iteration scheice via a computer code called SNEBE -i- to cboain 
solutions. Improvements were made in Reference u where a linearised 
semi-closed form solution to the wire heat balance equation provided 
initial estimates of the recovery temperature and heam-transfer coef- 
ficient for the non-linear numerical technique, thereby saving consider- 
able data reduction time . 

Further modifications to the linearized semi-closed form solumion 
have produced a complete linear solution which aq'rees very '^ell winh 
results of the non-linear numerical technique. Tne results are .much more 
daua in much less data reduction time; specifically, gas-recovery temper- 
ature and heat-transfer coefficient can now be obtained as a function of 
test time, instead of a single average value, allowing more detailed 


analysis , 


cnerience with orevious gas temnerature orcbe data has snovni 


most heat transfer associated with 
input and conduction. Eliminating 
simnlifies to; 


the wires is due to convective heat 
other t;;,'m)es 'of heat, Equation T 


ic = 


Substitutirig: 

hvDCTj. - 


= -A 


Tw 


( 8 ) 


( 9 ) 


wnere 
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„-1 ^ 


h 

D 

X 

Tv 


heat transfer coefficiem; 

vrire diaxaeter 

gas recovery temperature 

wire temperature 

wire cross section ?.rea 

wire thermal conductivity 

distance along wire 

Assuming k does not var"' with temperature and substituting for A, 

h;7D(Tr. - Tv) = k HEl 

^ dx2 

Equation 10 can be transformed into a simple homogeneous different 
equation (Reference 12) which has the solution: 


k 

X 


:io) 


bial 


Tv(x) = Tr - (Tr - T-) cosh _(X /^/ kp ) 


^ A,—, /n N 


( 11 ) 


cosh {£ 

where 

Tg = wire support temperature 
I = wire length 

To obtain the average wire temperature for a finite length wire, Equation 
11 is integrated over the wire length. 


- ( 




;) 


tanh (i>/h/kD ) 


/yh/kD 

Solving for T^, and inserting parameter 7 = h/kD, 
il y) % - Tg tanh (ir) 


( 12 ) 


^r 


7 Jl ~ tanh i £.7) 


(13) 
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Equation 13 is an explicit expression of finite length single-uire heat- 
ing with two ’unknovras, T^. and h. T^ro distinct equations can be ’’.■•ritten 
for the two different gas-teiaperature probe wire len,gths, denoted bv sub- 
scripts 1 and 2, and solved simultaneously ao obtain an equation of onlj' 
one 'onkno''.-7n, h. 

ia>' - tanh U^y) ky%;2 ~ ^anh (i?y) 


ilY - tanh UiY) [-J Tyi - T3 tanh {hY) 


(1^) 


For practical use of the preceding equations, Y must first be ob- 
tained from Equation lb. From Y, h is calculated and used in Equation 13 
to obtain T^. Parameters Tg, T-„-, i used in Equations I3 and lb are ob- 
tained as follows; the wire support temperature, is measured by an 

iron-constantan thermocouple in the tip of one of the gas- temperature 
probe short wire support needles. T,., the average wire temperature, is 
calculated by Equation Ip. 

R,, = Ro [1 - «(Tv - To) + /3(^w - To)"] (l ' 

where 

Rw = measured wire resistance 
Ro = wire resistance at temperature Tq 
To = 20°C = 293°K 

a, /3 = R-T curve fit coefficients . 
vJire length, L, is calculated by Equation 16. 

= Rq - = 1.8p3x 10"5 ohm-cm for Platinum -lO^i Rhodium ( 16 ) 


O-Q 


I wi 


re 
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(To = manufacturer's stated value of resistivity at Tq 
W ith all parameters known, 7 is still not directly obtained from 
Equation ih due to the hyperbolic functions. An efficient neohod for 
obtaining accurate values of 7 is knov/n as the Fibonacci series search 
routine. It is an inter'/'al elimination search method which sets upper 
and lower bounds to an initial heat transfer coefficient estimate 


(--initial = 1 x 10'- cal/cr2 - sec - 


AC) ana omen orcceeas oc rsnuce z.\e 


inter'/a.l in which the optimum value occurs until a final value is reached. 
If the final value is equivalent to the upper or lower bounds, it becomes 
the new initial estimate, and the procedure is repeated. 

The final solutions to Equations 13 and 14, i. e., h a.nd T^, must 
satisfy the following boundary conditions; if not, the solutions are 
considered non-convergent. 

T^ > T,n > Tv 2 > Ts 

< hOOO^K 

1 X 10"5 < h < 1.0 cal/cm''^ - sec - 
As gas temperature increases, the non-linear terms of the trire heat 
balance equation, ignored for the preceding simplified solution, cause 
the linear gas recover’''' temoerature to diverge from the tr'ue non-linear 


solution. Correction Equations IT and iB are applied to th 


o .fa- 


recovery teimcerature and heat-transfer coefficient solutions to acco'jnt 


for non-linearity. 
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DATA REDUCTION (Concluded) 


Tj-^ = 4.6805 X 10“^ T^3 _ 9.4521 x 10~‘+ T^^ + 1.6682 T^ - 152.02 (17) 

K(, = 2.8598 X 10“^0 h'* + 6.1589 x 10"^ - 5.0279 + 0.13456 h + h (18) 


To use the simplified linear equations, the following assumptions must 
be made: 

1. The gas- temperature probe wires are at a steady state heating 
condition. 

2. The convective heat- transfer coefficient and gas-recovery 
temperature are identical for both wires. 

3. The wire supports do not significantly disturb the flow in 
wich the measurement is made. 
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RESULTS AIID LiSCUSSiCST 


The casic Test ZTT5 reduced data consisted of steadv-state lieacing 
rates, pressures, and gas recovery temperatures. Tne data uere r.easured 
at a time corresponding to steady model comoustion chancer pressures 
and tunnel flov. Pressure and heating rate rav data vere hand measured 
at the steady-state time from the oscillograph traces and entered into a 
comcuter prcgra.n for fr'nal reduction, accuracy of these data can most 
likely ce directl;/' related to the hand neasurensntc , Gas -temperature 
probe dat.a vere reduced entirely by computer. Imprcv-o-ments in th_i 
computer pro>grans, .mentioned briefly in the preceding section and out- 
lined thoro’pghly in Reference 9 , allowed wire resistance, wire te.mper- 
ature, recovery temperature, and convective heating coefficient tc be 
plotted as a function of model firing time, ’rnese time plots allowed 
visual evaluation of the overall gas-temperature probe respo.nse and 
insured that steady-state conditions existed. 

Vidar and oscillogran'n data Quality were hamcered by lew signal-to- 
noise ratio. Data on oscillographs and on Channels 1-^1 of the Vidar 
system seemed to have the best quality with the noise not inh.ibiting the 
steady-state data level; however, data recorded on Channels 1-hl of the 
Vidar system employing Calspan amplifiers were in error as discussed 
later. Data on Channels h2-6o of the Vidar system employing Incor 
amplifiers were of the lowest quality; in general, the noise and data 
levels were of the sa.me order. 

After comoletion of the test nrogra.m, it was noted that some of the 
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RESULTS AND DISCUSSION (Continued) 


data recorded on the Vidar IM tape system exhibited a droop indicative of 
a limited DC response. This was traced to the use of amplifiers having a 
lOOK ohm input impedance with heat transfer conditioning circuits that 
had a 1 /xfd coupling capacitor in the output. Tnis resulted in a system 
time constant of only 0.1 sec. for Channels l-4l on the Vidar M-Multiplex 
tape recorder system. The effect of this time constant on the output of 
the q-meters was analyzed, and correction factors were determined and 
applied to the data. The analysis and correction factors derived by 
Calspan are presented in Appendix. C. 

A discrepancy in the magnitude of the gas- temperature probe data 
recorded during second-stage configuration runs 39 - ^3 tends to dis- 
credit these data. Specifically, the recorded wire resistances produce 
wire temperatiires and recovery temperatures Urice as large as expected 
and twice as large as any previous data. Oscillograph playback data from 
the Vidar and digitized data from the Vidar PM tape compare in magnitude, 
which points to the Vidar input as the problem. However, investigation 
did not prove that the Vidar input channels were incorrectly spanned or 
that the gains were in error. Thus, the gas -temperature probe data were 
evaluated two ways; (l) using the actual recorded data referred to as 
"literal data" in Appendix 3 and (2) using one-half of the actual recorded 
data referred to as "literal data 4 2" or "input data -i- 2" in Appendix B. 
Analysis of the results of both types of data, detailed in Reference 9> 
did not conclude that either set of data was correct. 


46 



RESULTS ARD DISCUSSION (Concluded) 


Tabulated source data are not supplied vith this document but are 
available through the Rockwell International, STS Aerosciences Department 
as shown in Appendix A. 

Oscillograph traces of the raw data, includir^ Vidar playback, are 
also available as shown in Appendix A. 

Gas-recovery temperatures and convective heat transfer coefficients, 
derived from the gas -temperature probe resistance and thermocouple time 
history data as described in the preceding section and Reference 9> s.re 
presented in Appendix B. The data were extracted from Reference 9» Both 
literal data and literal data -r 2 are presented. Steady- state gas- 
recovery temperatures and convective heat- transfer coefficients are 
presented in Tables B1 - BL. Figures B1 - Bk show an example of time 
histories of the gas -temperature probe data. Gas-recovery temperatures, 
plotted as a function of simulated altitude, are presented in Figures B5 - 
Bll. Convective heat- transfer coefficients, plotted as a function of 
simulated altitude, are presented in Figures B12 - B15. 
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TABLE II. DATA SET/HIN NWffiER COLUTION SU-MAET (Concluded) 
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TAiiLii III. MODEL Dxi'IEr'SidiAL DAZA. 

MODEL CCMPCLTEI'-TT: BODY - BgL. 

GEI'IERAL DESCRIFTICrT: The body is to the Baseline Definition Space Siiuotle 

Vehicle Configuration MGR 200^ Rev. 7 dated 10-lT-T^* 

MODEL SCALE; .0225 

DRALTNG IRJM3EK; VC70-000002, ^©7-70 Baseline BIL 


BIi’IEITSICIiS : 


r uXjLi oCAj-iil 

iiCDZL sca: 

Length: QiL Xq = 235-1 


l£93o 

29.099 

Ref. Length: CML Xq = 

23S-I528.3 in. 

1290.3 

29.032 

Length (IHL Xq = £39* 5) 

in. 

±£100 . c 

20.993 

CML Max. V/idth, in. Xq 

= 1516.801 

262.J1Z 

5.911 

B4L Max. Width, in. Xq 

= 1516.301 

260.71s 

- 

^ w 

CML Max. Depth, in. Xq 

= 1^163.316 

24S.575 

5.592 

II-IL Max. Depth, in. Xo = 

1463.31-6 

246.575 

5.540 

CML Fineness Ratio 


5.203 

5.203 

IML Fineness Ratio 


5.227 

5.227 

Area - Ft'^ 




Max. Cross-Section 

al © Xq = 1463.316 

340.62 

0.173 
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TABLE HI. MODEL DIMENSIOKAL DATA (Continued) 

MODEL CCMPOKEHT: GAIICPY - Ct_5 

GENEEAL DESCEEPTION; Orciter 102 Canopy per MCR ITpO 

Rl Baseline ■ 


MODEL SCALE; 0.0225 

DEAWnro mMBEE; 7070-000002.1, MD-VTO 

DIMENSIONS: 

FULL SCALE 

MODEL SCALE 

Length, in., = 4-33.0793 to Xq = t70 

236.9207 

5.331 

.Max. Width, in., 2 Xq = 59^ 

■ I94.439L 

4.375 

Max. Depth, in., 3 Xq = 4-92 

53.3007 

1.323 

Area - Ft"^ 

Max. Cross-Sectional @ Xq = 520 

4-5 .c55£ 

0.0231 
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TABLE III. MODEL DIMEIiSIOILAL DATA (Continued) 


MODEL COf-!PONENT: ELE\'ON - Z5, 

GENERAL DESCRIPTION:' Eleven for Cenfigure-tion hingeline at: 

Xq = 133?^ Eleven split line^ Yq = 312.5 6.0" gaps beveled edges, and 
centerbodies "a4L"used on Wt_2q Ref. MCR 200, Rev. 'J , dated IO-I7-7L. 

MODEL SCALE: 0.0225 


DRAWING NUMBER: VC70-000002A 



DE'IENSIONS: 

Area used for C^g cenputation 

Area, Ft^ 

• FULL sa^ 
210,0 
206 . 57 

MODEL SC.ALE 

0 . 10 c 

0.105 

Span (equivalent). In. 


7.795 

Inb'd equivalent chord, In. 

116.50 

2.621 

Outb'd equivalent chord, In. 

55.219 


Ratio r.ovabl_ surface chord/ 
total surface chord 



At Inb'd equiv. chord 

0.2137 

0.2137 

At Outb'd equiv. chord 

0,3999 

0,3999 

Sweep Back Angles, degrees 



Leading Edge 

0.00 

0,00 

Trailing Edge 

- 10.056 

- 10.056 

Hingeline 

0.00 

0.00 

Area Moment (Area X MiC) - Ft^ 

15^.74 

0.0175 

Mean Aerodynamic Chord, In. 

59 . 50 

2. oil 
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TABLE III. MODEL DE-ffiNSIOKAL DATA (Continued) 



Sweep Back Angles, degrees 


Leading Edge 

o 

o 

j . J 

Trailing Edge 

O.D 

0 

0 

Hingeline 

0.0 

0.0 

Area Moment (Product of c & area), 

905.3^^ 

0.0103 

Mean Aerodynamic Chord, In. 

5 l.O 

1.323 


56 



TABLE HI. MODEL DIMEIJSIOIIAL DATA (Continued) 


MODEL CCMPOHEKT: G>i3 PODS (CML) - 

GEKEHAL DESCEIPTIOII: Vehicle 5 configuration MCR 200, Rev. 7, 

Crbiter Q4S pod - short pod. 


MODEL SCALE: 0.0225 

DBAWIKG MMBER: VCT0-0C0002, VLT0-0031|10, 

MDV-TO 


DIMENSIONS: 

FULL SCALE 

MODEL SCAI 

Length, in. (Xq1311 to 15H) 

200.00 

4. pOO 

Max. Width, in. (Xp3C4, Xq15H) 


3.054 

Max. Depth, in. (Xo304, Xolpll) 

1 4 o 

1.676 

Fineness Ratio 


1.937 

.Area - Ft~ 

Max. Cross -Sectional © Xp 304 

"4 1^0 

'y 
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TABLE HI. MODEL DIKENSIOI^AL DATA (Continued) 


MODEL CCMPOKSKT: G-IS NOZZLES - Nq? 

GEI^EEAL DESCEIPTIOK; Tue tuo orbiter raneuverinq syste" nozzles are 
laval-'oell shaped and are located at the aft end of zhe CMS pod. CMS 
nozzles in stoved position are outboard 9*^ 2.^‘d dovn 7° from null position. 

MODEL SCALE: 0.0225 

DRAWIIJG NUMBER: VDTO-000002, 33-1012^0 

■nTMENSTONS: FULL SCALE MODEL SCAH 

M4CH NO. 


Len^ih, in. 

Gimbal Point to Exit Plane 
Throat to Exit Plane 

Diameter, in. 

Scit 

Tnroat 

Area, ft.“ 

E^it 

Throat 

Gimbal Point (Station), in. 
Left Nozzle 

^^0 

-0 


56.00 


50.00 

2T.7TS 


13.63^ 

li C''C 


1518.00 
- 83.00 
492 . 00 


1.2c0 


1.125 

0.625 


0.00c 9 
0.0021 


3^.155 
- 1.980 
11.070 


Right Nozzle 

^0 

YO 

Zo 

Null Position, Deg 
Left Nozzle 
Pitch 
Yaw 


1515.00 

4 88.0 
I92.O 


15°49' Up 
o°30' Cutb'd 


38-155 

+ 1.950 
11.070 


Ip0li9' Up 

6°30' Outb'd 


Ri 


ght Nozzle 
Pitch 
Yaw 


15° 49' Up 15° ^9' Up 

6030 ' Cutb'd 6°30' Outb'd 
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TABLE HI. MODEL DIMEITSIOKAL TATA (Continued) 


MODEL CCMPONEMT: M?S NOZZLES - N 94 

GENEBAL DESCEIPTIOII: Tne main propulsion nozzles e.re laval-bell shaped 
and are located on the aft planes of the orbiter. Tne dimensions are 
external and not to be scaled for plume tests . 


MODEL SCALE; 0.0225 

DRAWING NUMBER; VCTO-000002, ^O-OOSlhlj.;, FSO 91 S 9 , S3-A01216 


DIMENSIONS; 

FULL SCALE 

MODEL SCALE 

MACH NO. . 
Length, in. 

Gimbal Point to rtcit Plane 

150. c9 

3.52c 

Diameter, in. ' 

Exit 

93 . T5 

2 . 109 

r' 

rti-Sa f - 0 • 

E:<it 

1^45.00 

0.732 

Gimbal Foinu (Station), in. 
Upper Nozzle 

^0 

14E5.00 

32.513 

YO 

0.00 

0.0 

^0 

E43.OO 

Q.cg^' 

Lower. Nozzle 

^0 

1^68.170 

33.034 

^0 

53.00 

+ 1.12' 

Zo 

34.264 

0.771 

Null Position, Deg. 
Upper Nozzle 
Pitch 

l£°0 Up 

Ic^O Uo 

Yaw 

0.0 

0.0 

Lower Nozzle 
Pitch 

10.0 Up 

10.0 Up 

Yaw 

3 . 5 Cutb 

' d 3 . 5 Cu-c 
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■EABLE III. MODEL DBIENSIOKAL DATA. (Continued) 


MODEL CCMPOKENT; ^/ERTICAL - 

GENERAL DESCRIPTION: The vertical tail is double wedge shaped and 

mounted dorsalLy on the aft fuselage. These data correspond to 
Vehicle 5 configuration, MCR 200, Rev. J. 

MODEL SCALE: 0 . 022 p 


DRAWING NUMBER: VC70-000002, master di.mensions,. 


DIMENSIONS : 
TOTAL DATA 

FULL SCALE 

MODEL SCALE 

Area (Theo.), ft^ 
Plajifora 

^13.253 

J • 

Span (Tneo.), in. 

315.72 

7.104 

Aspect Ratio 

1.C75 

1.675 

Rate of Taper 

0.507 

0.507 

Taper Ratio 

0.401 

0.404 

Sweep Back Angles, degrees 
Leading Edge 
Trailing Edge 
0.25 Element Line 

45.00 

26.25 

I1.13 

45.00 
• 26.25 
I1.13 

Chords : 

Root (Theo.) WP 
Tip (Oheo.) WP 
MAC 

Fus. Sta. of .25 MAC 
W.P. of .25 MAC 
B.L. of .25 14AC 

263.50 

108.47 

199.21 

1463.50 

635.52 

0.0 

6.041 

. 2.141 

4.496 

32.929 

14.299 

0.0 

Airfoil Section 

Leading Wedge Angle, deg. 
Trailing Wedge Angle, deg. 
Leading Edge Radius 

10.0 

14.92 

2.00 

10.0 

1I.92 

0.045 

Void Area 

13 • 17 

0.007 

Blanketed Area 

0.00 

0.00 
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TABLE III. MODEL DIMENSIOITAL DATA (Continued) 
MODEL COMPONEIIT; '/.TDC- - ^129 


GENERAL DESCRIPTION; 'Tl'e wing is the prinarj- 

■ lifting de' 

•/ice and is 

counted hcrizcntally and is s^/mitstric about th 

le plane Yp 

n Q • \ 

fairs the fuselage to the wing's leading edge 

MODEL SCALE: 0.0225 DRAWING NO.: 

'3 Tq 9^0 to 

lOol. 

DBIENSIONS: 

TOTAL DATA 

Area (Theo.), ft^ 

FULL SC/iLE 

MODEL SCALE 

Planfonn 

2690.00 

1.362 

Span (Theo.), in. 

936.68 

21.075 

Aspect Ratio 

i.^05 

rs C — 

- • 

Rate of Taper 

1. 177 

1.177 

Taper Ratio 

n oon 

t ^ 'J 

0.200 

Dihedral Angle, degrees 

3.500 . 

J. y 

Incidence Angle, degrees 
Aerodynamic Twist, degrees 
Sweep Back Angles, degrees 

0.500 

c\ =00 

Leading Edge 


45 

Trailing Edge 

10.055 

16,056 

0.25 Element Line 
Chords ; 

35.209 

35.209 

Root (Theo.) B. P.0.0. 

6S9.243 

15.503 

Tip, (Theo.) B.P. 

137.519 

3 . 102 

MAC 

174.812 

10,633 

Fus. Sta. of .25 MAC 

1136.534 

^70 

W.P. of .25 MAC 

290. S57 

6.544 

B.L. of .25 MAC 
EXPOSED DATA 

132.132 

4.0>'o 

Area (Theo.), ft^ 

1751.50 

0.337 

•Span, (Theo.), in. BPIO8 

720. 63 

16.215 

Aspect Ratio 

• 2.060 

2.060 

Taper Ratio 

0.2^5 

O.2I5 


Chords 


Root BPIO8 ?o2.090 

Tip 1.00 b/2 I3T.SU9 

MAC 392 -S25 

Fus, Sta. of .25 MAC II86.9O 

W.P. of .25 MAC 293.683 

B.L. of .25 MAC 251.769 

Airfoil Section (Rockwell Mod NASA) XXXX-6L 

Root b/2 = 0.1136 

Tip b/2 = 0.120 

Data for (l) of (2) Sides 


3 . 102 
£.339 

20.696 

5 .cOb 
— — 
P.C05 


0.1130 

0.120 


Leading Edge Cuff 

Planfonn Area, ft^ l45.^!- 
Leading Edge Intersects Fus M.L. @ Sta 500.0 
Leadln.g Edge Intersects vring @ Sta lOtl.O 


0.071 

11.25 

24.39 
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TABLE III. MODEL DE-IENSICIIAL DA’TA (Con-tinued) 

MODEL CaiPOICIKT; BOOSTER SOLID RCCt3T MOTOR - S2? 

GEfJERAL DESCRIPTIOH: The BSR4 is an external propulsion system vhic'a 
jettisoned and recoverable after humour. Tne BSEM’s can be refur- 


bished and reused after recovery. 

MODEL SCALE: 0.0225 

DRAINING NUMBER: yCTT-000002C VCTO-OOOOOa;,' VCT2-000002C 


DIMENSIONS : 

FULL SCALE 

MODEL SCALE 

Length, in. 

ITS9.CO 

40.266 

Max. V7idth Tank Dia., in. 

140. 00 


Max. Depth, Aft Shroud Dia., in. 

208.20 

2.685 

Fineness Ratio 

*• ""TO. ^ 

5.596 

8. 596 

Max. Cross-Sectional 

236 . 423 

0 . 120 

1? of BSRJ'l centerline (Zqi) 

400.0 

9.000 

F2 of ESRi nose (Xrji) 

743,0 

16.718 

B? of SSBI centerline (Yiji) 

250.5 

5.636 
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TABLE HI. MODEL DIMENSIOIiAL DATA (Continued) 


MODEL CCMPOHEHT 


SOLID ROCKET BOOSTER IICZZLE: 


-'106 


GENERAL DESCRIPTION; SRB nozole to new lines to use vit'.: Spo 


MODEL SCALE; 0.0225 


DRAWING NUMBER; VCTT-000002D 


DIMENSIONS; 



FULL SCALE 

MODEL SCALE 

Diameter, Dex 

- In. 

(I.D.) 

U5.64 

3.2T7 

Diameter, Dqx 

- In. 



3.322 

Diamezer, DT - 

In. 


— 

— 

Diameter, Dj_v^ 

r\ 

Area, Ft. 

- In. 


115.623 

0.059 


Gimbal Point (Station) - in. 
Left ITozzle 


Xg - cold 

IE63.L53 

41.923 

X73 - hot 

1373.35s 

42 . 196 

Yo - 

- 250.50 

r- r .-s z' 

- o.c3o 

Zt 

400.0 

9.000 

Right Nozzle 

Xg - cold 

IS63.25S 

41.923 

Xg - hot 

IS75.353 

42 . 196 

Yo - 

250.50 

5 . c 3'i 

Z.g 

400.0 

9.000 

Null Position, Deg. 



Left Nozzle 

Pitch 

0 

0 

Yaw 

0 

w/ 

Right Nozzle 

Pitch 

J 

0 

Yaw 

0 
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TABL:J Ixi 


Ccncluded) 








MODEL CCMPCITEI'IT: S'lTEBIJAL TAJK - 

GSNER-iL DESCRIPTIOI'I : External tank vrLth spike nose. Dimensions are 

calculated to the outer mold line (CML). 


MODEL SCALE; 0.0225 

DRAluITC- rlUi'IBER: VC7S-0G0002B Spike nose D-.vg. no 


) 02050 ^= 


DSiEIISIOES : 


FULL SCALE 




:al_ 


Length, In. 

Ma:c. Dia. (QiL), In. 
Fineness Ratio 
Area 

Max. Cross-Sectional 


I'^'O^ . A to 
333.00 


oOU.gOT 


-i. • S-/0 i. 


0 « 
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TABLE r/ 


;CLIB BRCPELLAITT SUKEAC: 


3P3 NOMIML 
CKAMBER BRESSUHE 

‘ ?RO?ELLAI'?T SUPPACE APS 

(RICH 3P3) 

PSLA 

1 r> 

: II'F 

290 

130 

200 

100 

1^5 


100 

72 

i 
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!A 3 LE V. 


IITSTRUI'IEITTATICII lAJi ! 3 ~BII;G 


Component Or 
Ins-crumsntamion 

ITum 

Ser 

.ber 

‘iss 

Actual Numbers 




Comp, or Instr. 

Numbers 

Orbiter 

1 - 

' 200 

Total Tain-Film Gauges 

*1 


119 





Radiation Gauges 

120 

- 

13 U 





PCE Transducer 

135 

- 



f 



Locations 




Extern 

al Tank 

201 - 

• 3'00 

Total Tnin-FiLm Gauges 

201 

- 

22s 





Radiation Gauges 

230 

- 

233 





?C 3 Transducer 

p 1 . 

- 

C "2 


f 



Locations 




SH 3 's 

301 - itoo 

Total ■Tnin-?ilm Gauges 

201 

- 







326 

- 

330 





Radiation Gauges 


- 







SSI 




i 



?CB Tra,nsducers 

'2 ' 

- 

7 — X 


i 



Locations 




’■'’Reference Staoic 

501 - 6oo 


501 

- 

513 

tree 




L>:terna,l TanL: 


- 

; Ic 

1 




SEE (Left Hand) 

517 



'Hie rmc 

■conples 

6oi - 699 

See Table '/II for listing 




Model Operating 

TOO - 750 

oSlS ?c 

^00 



Pres 

isures 



Left SRB Pc 

701 







Rignt 5 RE Pc 

70S 







0 - Venturi 








lie VeizzvTl 

'”0t 







Op Ir-.iector 

! - 7 















i-ip unpecpor 

1 ^ 



Gas i'emoerature 

751 ■ 

- 799 

Orbiter 

752 

- 

T- 7 

i > " 

Probes 



E^rternal Tani-: 

75 m 

- 

r-T'^C 

1 'u 





3 R 3 (Left Hand) 

i ^7 



IT rj; — r 

Al-. — -iL 

1 Nczsle 

166 . 

- 180 

Tonal Tiin-FiLm Gauges 

16 c 

- 

IL'O 





(Flat and contoured) 

Ihb: 

1- 

KBI5 . 


Not applicable to Test irijy 
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TABU'; VI. IN^STnUl.'iKMTATION CONIIGUMTIOMS 


CCMPONENT 

PARAMETER 

NUfiBER 

1 

PARAl-lETER 

TYPE 

1 

CONFIGURATION OR SET-UP | 

1 

2 

3 

4 

; DESCRIPTION 

OTS^ 

OTS W/gTP 


OT W/GTP 

! DATASET 

1 IDEIWTFIER 

1-19, 



35-41 

20-28 

29-34 

Orbiter Side 

9 

10 

Standard 

Gauge 

( 

! 

i 

1 

i 

! 



-\r 

X 



i4 

Standard 

j 



X 


Orbiter Top 


Gau 








15 

j 

' 




\r 



23 

Standard 



X 





Gauge 






V/ing Upper 

24 





X 

X 


bui'face 










25 





X 

X 



27 



i 

■ 


X 




* OTB Is first stuj^e sluittl« confL'.ui-.tiou (orbiter, externai. l-anl; , BivB) 
or is second sLu^^e shuttle conri,^urus:i an (orbiter, external tani.) 




TABLE VI. IHLTRUIlEiriVvTIGN CONli’IGUlI'iTIOWB (CoDtinuerl ) 



) 


) 



TABIJ; VI. IIICTIJII-IKITATION COmCURATIONi: (Continued) 





• 


COlJFIGUR/'/nOK OR SI'.T-UP j 





i 

1 

2 

3 

i. 


PAR/lME'ffiR 

PAPjy-iETi:R 


OTS*^ 



2 

1_ 

CCMPONENT 



; DWVRGEl'TIOti 

GTS V.'/GTP 

OT 

IJUMBl^R 

m's 

! i)/vTAi;Fr 

1-19, 

35-41 

20-28 

20-34 





j ideiitifif:r 

42 



43 

standard 

1 

1 



X 

A 



Gauge 

j 

I 






45 



1 

i 

X 

X 

X 

X 

Body Flap 
(Continued ) 

46 



1 

i 



X 



125 

Radiative 

! 

■\r 

A 


X 




Gaucje 







139 

Pressure 

! 

1 


X 

X 

X 


55 

Standard 




X 


Left CMS Pod 


Gauge 







56 

T 




X 


Left OMS/rCS - 

57 

“t 

Standard 


y 


X 

V 

-'V 

Inside 


Gauge 






Surfaces 

50 




X 


X 

X 


59 

1 

y 


•vr 

X 

1. 

1 

1 

1 

X 1 

i 

i 

1 

X 


* OTC is rirst stage shuttle configuration (orbiter, ext.ernal tan);, l.lili) 
01' Is second sLa,ge slmLtle configurution (orbiLer, extenial tim!;) 



TABLE VI. IIISTIUJMEIJTATION COrfflGUliATIOriS (Continuerl) 


o 


CCMPONENT 

PAIWIETER 

HUMBER 

I 

PARAI-ffiTI'in 

TlPlt 


CONFIGUItATIOH OR SliT-UP 

I 

2 

3 


DFfiCRIPTIOri 

ot;;^ 

O'.L’S W/GTP 

0T>^^ 

or u/gtp 

D/VTASCT 

IDENTIFIER 

1-19, 

h2 

X 

\r 

35-41 

20-28 


29-34 

Left (MS/RCS - 
Inside 
Surfaces 
(Continued) 

60 

61 

Standard 

Gauge 

] 



X 

X 



62 

S tandard 




X 




Gauge 







63 






X 

X 

Left OMS/rCS - 









Aft Surfaces 

64 




\r 


X 

X 


65 




X 

V 

X 

X 


66 




X 


X 

X 


6t 




X 


■\r 

/i. 

X 

Orbiter Base 

68 

Standard 


X 


X 

■ X 

Heat Stiield 


Gau/ge 







69 

t 


X 

1. 

X 



* OTL is first stage shuttle configuration (orbiter, external tan];, LRB) 
or is second stage sliuttle configuration (orbiter, external tani;) 


















TABLE VI. INSTRUl-UilirPATION COKEIGURATIONS (Continued) 




TABLE VI. INSTRUI-IEIITATION CONFIGURATIONS 


COMPONENT 


Orbiter Base 
Heat Shield 
(Continued) 


PAR/\METER 

NUMBER 


81 

82 


iih 


86 

87 

88 

89 

90 

91 


PARAI-IEIER 

TYPE 


Standard 

Gauge 


DESCIOIPTION 


DiVrA.SLT 

IDENIIFIER 


CONI' 


O'L 






1-19, 

h 2 


* OTS is first stage shuttle configurat i oti (orbiter, external tanl;, 
^ O/r is second stage shuttle configurat. ion (orbiter, external tank) 












TABLE VI. IIICTlMli:irrATION COfiFIGURATIONil (Continued) 


OJ 



















T/\DLE VI. IIISlWlWrTATION CONFIG UIXATIONS (Continuoc] ) 


CCMPONEUT 

PARAMETER 

HU.IHER 

j. 

PARAl-IETER 

TYPE 



CONIIGUFA'I’ICN OR SI 

T-UP 

1 

2 

3 

4 

DESCinPTION 

OTS* 

ars W/'GTP 

OT*^* 

or V//GTP 

DATASET 

IDENTIFIER 

1 - 19 , 

42 

35-41 

20-28 

29-34 


133 

Radiative 


X 






Gauge 







13^t 

t 


X 





145 

Pressure 


X 

X 

X 

X 


146 




X 

X 

X 

X 


148 




X 

X 

X 

X 

Orblter Base 









Heat Shield 

l49 






X 

X 

(Continued) 










150 




'/ 

X 

X 

X 


155 





X 

X 

}[ 


158 






X 

\r 

A 


162 

Standard 





■’.r 

A 



Gauge 







163 

t 


X 


X 

X 


* O'FJ is first stage shuttle configuration (orblter, external tan);, ORB) 
O'!’ is second stage shuttle configui-ation (orblter, external taiil;) 


TABLE VI. IIISTlTUl-U'irrATION CONFIGURATIONS (Continued) 









CONFIGUlVvTIGN OR St 

T-UP 







1 

2 

3 

k 

CCMPONENT 

PARAMETER 

PARAMETER 

DESCRU^ITON 

c/rs*^ 

OTS W/GTP 

or"* 

or W/GTP 

NUMBER 


TypE 

DATASET 

IDIITITFIER 

1-19, 

_42_ 

35-41 


29-34 












i64 

Standard 


X 



\r 

A. 




Gauge 







165 


♦ 

1 

j 

X 


X 



622 

GTP Tnermo- 



X 


X 


623 


COUJ 

)le 



X 


X 

Orblter Base 





■ 





Heat Shield 

62 k 






X 


X 

(Continued ) 











T52S 

GTP (Short 



X 


X 




V/lre) 







752L 


( Long 
W1 re ) 



X 


X 


75 32 


( Short 



X 


X 




Wire) 







75 3L 



Long 

Wire) 



/k 


/V 


754s 


(Short 



X 


X 





i/ire ) 







75 4l 


f ( Long 

V/i re ) 

t 


X 

L 


X 


* O'FJ iG rirot Gtage Blmttle configuraLion (orblter, exLernal taal;, OUB) 
'**■'*' (yr lo Gecoiid aLa,ge GliuLtle ccnllgiu-uti on (oi-bj ter, external tanl;) 









TABLE VI. IlISTlTUl-BirrATION CCiNnOURATIONS (Continued) 


ON 



) 














TABIJJ VI. IIIl^THUlDCirrATION COWFIGURA'irrONij (Continued) 


COMPONENT 

PARAMETER 

NIMEER 

" ' ■ "" " 1 

PARAM17TER 

TTPE 


CONlIGUR/fflON OR SET-UP 

1 

2 

3 

4 

DEScini>'noN 

C/I'S* 

OTS W/QTP 


or V//GTP 

DATASET 
! n)I-2iTIFIER 

1-19, 

35-41 

20-28 

29-34 

Nozzle 

JIq 









111 

Standard 


X 

X 

X 

X 



Gauge 







112 




X 

X 

X 

X 


113 




V/ 

A 

X 

X 

X 

SbllE Firing 

ll4 




X 

X 

X 

A 

Nozzles 










115 




)C 

X 

X 

X 


116 




\r 

A 

X 

X 

X 


117 




X 

X 

X 

X 


118 





X 

X 

X 


119 

’ 



\r 

A 

X 


V 

Hatband 

166 

Standard 



A 


X 

Nozzle 


Gaue;e 







167 

T 



X 

- 


7v 


* C/ 1'0 is 1‘iriit ntuge shuttle configuration (orbiter, external taril:, bUli) 
*'*’ C/i' la second sLa,^e shuttle confiBuration (orbiter, external tank) 




00 


TABLE VI. IIJLTIUJHEUTATIGN C0NFIGLnmT:0N3 (Continued) 


CCMPONENT 


PABAMETER 


NUMBER 


PARAl-ttTTER 



DESCRIPTION 


DATASET 

IDENTIFIER 


COIIHfiUR//riGN OR SET-UR 


OTS* OTS W/GTP or*** OT W/GTP 


35 -»H 




OTo Is first stage shuttle configuration (orbiter, extei-nal tanl;, SUH) 
Of la second stage shuttle configuration (oi-biter, extei'iiul tank) 


29 - 3^1 


) 








TABLE VI, IIISTlM-U-yjTATTON CONFIGURATIONS (Continued) 


















TABLE VI. IIIGTliWin’JrTATION COrfFIGURATIONll (Continued) 


CCMPONENT 


PAEAMETER PARAlffiTER 


NIWBER 


DESC RIPTION 

E«\TASET 

IDiUTIITER 


C OriiIGUIij\'L 'IO H OR SE T-UP 

1 I 2 r 3 

ors* OTS W/GTP _OT^ W/OTP 
35-41 20-28 29-34 


Radiative 

Gauge 

If 

Pressure 


itcternal Tank 
Aft Dome' 
(Continued) 


GTl^ Tliermo- 
couple 


G'^ (Short 
V/ire) 

( Long 
Wire) 
(Siiort 
Wii'e) 


* ti'TS is flrnt ctage ahuttle configuration (orblter, external tank, SltB) 
Of la aecond stage aliuttle configuration (orL.lter, external tuiil;) 



) 


TABLE VI. IHSTITUMMITA'I'ION COIiFIGURATIONS (Continued) 


CCMPONENT 

PARAMETER 

RIHEER 

PARAMETER 

TYPE 


COia-TGUHATIGN OR SET-UP 

1 

2 

3 

4 

DESCRimON 

OTS^ 

OTS W/QTP 

or** 

or w/oTP 

DATASET 

IDENTEFIER 

1-19, 

1 » 2 _ 

35 - 1*1 

20-28 

29-34 


75TL 

GIP (Long 



X 






Wire) 






litxternal Tank 

75 Bs 


(Short 



X 



Aft Dome 



Wire) 






(Continued) 

758 l 


(Long 



X 






Wire) 






External Tank 

221 


Standard 


X 




Hardvare 



Gauge 







228 


T 


X 





302 


standard 



A 






Gauge 







303 






X 



Left Elffl 










Sidewall 

305 






A 




306 






X 




307 




1 


X 




* 0T3 ia flrut atuge shuttle configuration (orblter, external taril:, SUB) 
** ar la second stage aliuttle configuration (orbiter, extex*nul tunli ) 




TABLE VI. INSTnUHEIJTATION CONFIGURATIONS (Continued) 


CCMPONENT 

PARAMETER 

ini-lEER 

PARAMETER 

TYPE 


CONFIGUlViTION OR SET-UP 

1 

2 

3 

4 

DESCRIPTION 

ars* 

OTS W/GTP 

or** 

OT W/GTP 

DATASET 

IDENTIFIER 

1-19, 

_ 42 

35-41 

20-28 

29-34 


32 T 

Standard 


X 




Left SRB 


Gauf^e 






Sidewall 

328 




X 




(Continued) 










329 




X 

X 

j 



308 

Standard 


X 






Gauge 







310 




X 





312 




X 

X 




313 




\r 

x \ 

X 



Left SRB Nozzle 









and Shroud 

314 




X 





315 




X 


' 



316 




X 





324 

Pressure 



X 




325 



1 

X 

X 




* OTS is first stage shuttle configuration (orbiter, extei-nal tanlc, ORB) 
OT is second stage slmttle configuration (orbiter, external taiil: ) 


















TABLE VI. INGTRU 1 #:HTATI 0 N CONFIGURATIONS (Continued) 


COMPONENT 

PARjiMETER 

NII 4 BER 

~T 

PARAl.lETER 

TYPE 


CONFIGURATION OR SET-UP 

1 

2 

3 

it 

DESClffPTIOM 

OTS* 

O'fS w/gtp 

OT** 

or w/gtp 

D/iTASE'T 

TDENITFIER 

1-19, 

35-^H 

20-28 

29-34 


317 

Standard 


X 






Gauge 







318 




■'r 

A 

X 




319 




X 

X 



Left SRB Skirt 









Curtain 

320 




X 





629 

GTP Tliermo- 



X 





couple 







T59S 

GIT* ( Shoi't 



X 





~r Wire) 







T59L 

1 ( Long 



X 





Wire) 








Standard 


83 

69 

87 

TO 



Gauges 






Suuunary 


Radiative 


T 


1 

1 



Gaug 

es 








Pressures 


9 

10 

10 

10 


* OTS is first stage shuttle configuration (orbiter, external tanlr, SRB) 
or is second stage shuttle configuration (orbiter, external tant) 



TABLE VI. IHSTnUl'DClJTATIGN CONFIGURATIONS (Concluded) 






CONFIGUl?ATION OR SET-UP 


.PARAMETEaR 

PARAMETER 


1 

2 

3 

4 

COMPONENT 

DESCRIPTION 

— 

OTS* 

OTS W/GTP 

OT^*^ 

OT W/OTP 


NU<(EER 

TYPE 

DATASET 

IDENTIFIER 

1-19, 
1*2 _ 

35-1*1 

20-28 

29-34 



GTP 'ilierrao- 
couples 



7 


3 



GTP (Short 
Wire) 



7 


3 

Summary 

(Continued) 


GTP (Long 
V/ire) 



7 


3 



Data 

Channels 

t 

\ 

99 

100 

98 

50 


* OTS is first stage shuttle configuration (orbiter, exlei-nul tank, SRB) 
^ or is second stage shuttle configuration (orbiter, external tank) 


) 


) 






■I!ABI:E VII. IHEE''CC 0 U?ni 3 


Thermocouple 

Number 


jjocatron 


T'/pe 


622 

Gas 

Temp 

623 

GT? 

753 

62k 

GTP 

754 

626 

GT? 

756 

c 2 T 

GT? 

757 

628 

GTP 

75S 

629 

GTP 

759 


(External TarJc) i 


(Left SRB Skirt Curtain) 


(lH,-pe j) 


85 



TA3L2 VIII . : 

T'T rnu" 


MODEL 19 -CIS OPERATIITG CCIDIIIOriS 
: CALSPAIT LUD’'.t;EG- tube ’.'TiiD TUlIljEL 


SHE CHAI-IBER 
PRESSURE 



liAXIMIIi 

SIivIULATED ALTITUDE 

290 psia 



130,000 ft. 

200 psia 



liA),000 ft. 

100 psia 



150,000 ft. 


86 



i:ata acguisitign systems 

IIISTRUliEnTATICH 

CCNEIGUPATIOH 


cL 

3 

k 


OTS 

OTS L'/GT? 

OT 

OT W/GTP 

MODEL DATA: 




- 

VIDAR: 





Heat- Transfer Gauge Channels 


k2 

53 

44 

Gas-'Temperature Probe Channels 

-- 

21 

-- 


Total Channels Used 

65 

63 

53 

53 

OSCILLCGRAPHS: 





Pressure Channels 

q 

✓ 

10 

10 

10 

Heat- Transfer Gauge Channels 

0 — 

27 ■ 

— 

27 

' Total Channels Used 

3^ 

37 

35 

37 

:(l) TOTAL MODEL DATA CHAIHIELS 

99 

100 

93 

90 

TUIHIEL ALT MODEL OPERITIUG DATA: 





i Vidar Channels 

1 

1 

-- 

1 

1 

1 

Oscillograph Channels 

26 

2U 

25 

25 

(2) TOTAL OPERITTIIG DATA CHATIELS 

27 

2k 

26 

26 

UI'IUSED CRaLlTTLS: 





Vidar 

— 

3 


12 

Oscillograph 

r-' 

CL 

1 

2 

-- 

(3) TOT.AL UIKJSED CHAMIELS 

2 

k 

4 

12 

TOTAL TEST DATA CR^UHIELS [(l) + (2) + (3)] 

12o 

125 

128 

123 
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2 Kadiatjau 
2 iT'OGr.au’Lj 
2 Kei'erence 


a. Orl)itei‘ Side 
Figure 4 . Instrumentation. 







c. Ivin, 5 Lui/ei' ;jiirr:i':o 

i‘'j , Conti ni'cd. 







X/L LOCATICKS match mCSE OF 
GAUGES OK THE aiS POD 


x/l = .50 
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g. Left CMS Pod 
Figure L. Continued. 
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33 Totol 
5 Radiation 
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Orbiter Base Heat Bhleld 
Figure 4 . Conti nued . 







No. 

Nozzle 

Type 

159 

1 

Pressure 

101-110 

1 

Total 

i6o 

2 

Pressxire 

111-119 

2 

Total 

l6i 

3 

Pressure 

513 

3 

Ref. Pres 


r.. SSI-S Fi 
Figure 
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NOZZLE 3 1 Pressure 

1 Reference 

Ing Nozzles 
Continued. 
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VERTICAL 


45° FR»I 
135° FRttl 


VERTICAL 
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207 
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I 

I 
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208 


230 
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9 Tol/al 
1 RadJation 
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External Tanlc Lidewall 
Fi.gure 4 . Continued. 
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q. I'^ternal Tank Hard'.rare 
Figure 4. Continued. 
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Lira SIDE VIEW 


LM-l' HAND DOCKET ONLY 

li; Total 
1 Radiation 

r. Ijcfb CRB Cidewall 
I'l'^ure ContJnued. 
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DUMP TANK 
8' DIA., 36' LONG 



NOT SHOWN) 


Kgure 5* .Short -duration Luduie." Tube V/lnd Tunnel. 
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Figure b. \'Jcive diagram for Tube V/lnd Tniinal. 
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ORIGINAL TEST RHOMBUS 
(FULL LENGTH NOZZLE) 




Figure J. Ludwieg Tube Free Jet Test Rhombus for MACH 4.5 nozzle 
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c. Second Stage Configuration: Front View 

Figure 8. Continued. 
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d. Second Stage Configuration: Rear View 

Figure 8. Concluded. 
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b. Tunnel 

Figure 9. Concluded. 
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Figure 10. Vidar data acquisition and playback. 
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a. V/lthout Gas Temperature Probes 
Figure 11. GflME nozzle orientation. 
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0 = 210°, 240°, 270°, 


b. 'Jith Gas Ten 
I'l'jure 11. 
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A-1 



SCURC3 EATA REEZ.PZ'ICZS 








APPENDIX B 

GAS KECCVEHY TS-iPERATUKE DATA 


B-1 


























































































































Table 


B2 Test IH75 Heat Transfer Coefficient (Cal/ctn^-sec-*^) 

Literal Data 


BAD DATA 


Alt. 

Run 

Pos 

Kft. 

r- 

752/155 

130 

39 

1.53-03 

140 


4.30-03 

150 

41 

2.18-03 

160 

42 

8.98-04 

170 

43 

1.43-03 

140 

44 

2.41-03 

140 

45 

1.67-02 

100 

46 

4.74-02 

120 

47 

5.42-02 

130 

48 

9.61-03 

140 

49 

2.26-02 

130 

50 

7.69-03 

120 

51 

2.72-01 

100 

52 

ND 


s Pos Pos 
754/1481756/234 757/235 758/236 


6.97-034.21-03 NO 


6.32-03 1.63-02 UD 


6.09-03 1.06-02 ND 


5.12-03 9.17-03 ND 


6.09-039.23-03 ND 


1.14-03 7.53-03 ND 


1.76-03 1.59-02 2.37-02 ND 


1.66-031.02-02 8.58-02 4.40-02 2.09-02 ND 


1.55-03 1.71-02 1.66-02 ND 


2. 38-0^ 8. 55-03IBD 


6.63-03 

2.52-02 

6.75- 

9.67-03 

1 

2.46-02 2.0C- 

4.99-03 

2.68-02 

HH 

ND 

7.67-02 

7.34- 


ND 


ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

1.09-02 

2.09-02 

ND 

6.36-03 

ND 

7.23-03 

ND 

ND 

NO 

3.62-03 

4.43-03 

1.20-02 

7.54-03 

2.79-02 

1 .07-01 


ND - NO DATA 


Comments 
■GTP/PRESS (POS) 


2nd Staqe Confi 






































































































































Table B3 IH75 Data Gas Recovery Temperature (°K) 
(Input Data 4 - 2 ) 


No Data 


Alt. 

Kft. 

Run 

IP 

Fos 

752/155 

130 

39 

1369 

140 

40 

831 

150 

41 

759 

160 

42 

740 

170 

43 

687 

140 

44 

791 

140 

45 

421 

"1 

100 

46 

560 

120 

47 

484 

130 

48 

476 

140 


DNC 

130 



50 

499 

120 

51 

494 

100 

52 

MD 


Fos Pos Pos Pos Po3 Pos Pos 
752/155 753/146 754/148 756/234 757/235*758/236 759 


DNC - Did Not Converge 


Comments 


967 


448 I 648 otjc 
605 I DNC 1 432 


ND 


ND 


ND 


ND 


ND 


ND 


353 


ND 


ND 


rip_ 

ND. 

303 


- 381 . 

_ 134 _ 


2nd Stage Config. 


) 





































































































Table Test IH75 Heat Transfer Coefficient (Cal/cm^-sec-°K) 

(input Data 2 ) 


BAD DATA 


Alt. Bun 
Kft. ^ 


DNC - Did Not Converge 


Pcs Pos Pos Pos Pos Pos 


Pos 

Pos 

Pos 

753/146 

754/148 

756/234 

7.81-03 

4.81-03 

ND 

6.91-03 

1.89-02 

MD 


2.33-03 16.43-03 1.22-02 ND 


1.14-03 15.41-03 1.01-02 ND 


1.70-03 6.31-03 1.02-02 ND 


ND - NO DATA 


Comments 
■GTP/PRESS (POS) 


2nd Stage Config. 


3.96-02 11.54-0211.06-02)8.32-01 3. 06-02 2.84-02 ND 


3.37-02 il. 57-02 2.41-02 2.25-02 ND 7.88-03 ND 


1.32-02 2,47-028.95-03 BD 8 . 31 -03 1 . 1 1 -02 ND 


I 

ND 2.31-od ND ND 


DNC 

1 .47-02 

1.41-03 1 

ND 

1.14-02 

1.89-02 

9.89-03 

3.84-02 

7.88-01 

1.18-02 

4.82-03 

3.67-02 

ND 

4.49-02 

ND 

1.25-01 


3.10-02 1.03-01 
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Figure B3 


JJaniple Data Output for I1I75 
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figure b 4 oaifiple Data Output x'or IIIT5 
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.‘\?FEUDIX C 

Wi DATA TAPE CORHECTTCIT 
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FM TAPE DATA CORRECTION' 


The Rockwell-supplied FM-Multiplex Tape Recorder S\'stem was used to 
record heat-transfer gauge and gas temperature pro'oe data. The outputs of the 
thin-film heat transfer gauges (''hich are proportional to the surface te.mpera- 
ture of the gaugej were recorded on the FM tape. After a test ran, the tape 
was played back through an analog q-meter and the signals proportional to heat 
transfer rate were recorded on an oscillograph. It was noted’ that the heat 
transfer data e.xhibited a droop that implied a severely li.r.ited DC resoonse 
ot tne system. Only after a careful review of the entire data acquisition 
syste.m was it discovered t.hat the cause of t.he droop was not in the cabling, 
the amplifiers or the FM .Multiple.x system, but rather in the circuitry power- 
ing the heat transfer gauges being recorded on FM tape. 

The particular bank of heat transfer gauge conditioning circuits 
used with the FM tape system were originally intended for use with the Ludwieg 
tube tunnel. However, they were first used on Test OH-66 in the Caispan Hvper- 
sonic Shock Tunnel. The circuits have a 1 pfd coupling capacitor in the out- 
put and were intended to be used with the amplifiers having a 1 Megohm input 
i.mpedance . This would yield a time constant of 1 second, which would have 
been adequate. However, in order to meet the data acquisition requirements of 
Test IH-73, a large number of amplifiers were borrowed from the hv-^srsonic 
shock tunnel. These am.plifiers had an iraput impedance of 100 kohms and re- 
sulted in a system ti.me constant of 0.10 seconds. 


.An analysis of the circuit response for a constant heat transfer 
rate has been made in order to determine the corrections to be applied to the 
data. For a constant heating rate q, the thi.n film gauge surface te.mperature 
is 


T(t) 


zq. 


'^TtpC-k. ' 


-IT 


^ Seymour, D.C., "IH-73 Shuttle 

Me.morandum ED 33-73-16, .May 3, 


Base Heating Test .Analvsis," 
1978. 


NASA MSFC 
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Analysis of the RC circuit to such an input was made using Laplace transforms 
The output (as recorded on FM tape) was found to be 

Zq.VT' ~yz ~ 

— (_ ^ 


^TtpCik' 


A , 

£ cL \ 


where T = RC, the time constant, and £. 

★ 

Integral and is tabulated. 


Vt/ ' 

-'/t r A* 


I 


e. d X is Dawson's 


The correction factors for the recorded heat transfer rate were 
found from the general relationship between qo and surface temperature To (t) 




Tp(t) 


1 


TgU) - 

(t - 



This integral relation has been evaluated numerically, using the technique 

★ ★ 

of Cook and Felderman . The relationship can be e.xpressed as 




Z 




7T 


z 

L - 1 




Since qo represents the recorded heat transfer rate, whereas q is 
the true heat transfer rate, the correction factor q/qo bas been evaluated 
for 0 - t/r -5 0-S (or ^ t ^ SO msec) . the enclosed figures show To/T 
and functions of t/r. The curve for To/T compares very well with 

that given by Seymour; however, the correction q/qo found here is signifi- 
cantly different than obtained by Seymour using a linear appro.xi.mation to 
the To/T curve. Seymour's correction is also shown. 


* Gautschi, W. "Error Function and Fresnel Integrals,” Chap. 7, 

Handbook of .Mathematical Functions , N'BS .Appl. .Math Series 55, June 1964. 

** Cook, W.J. and Felderman, E.J., "Reduction of Data from Thin-Film Heat- 
Transfer Gages: .A Concise Numerical Technique," AI.A.A Journal Vol. 4, 

No. 3, pp . 361, 362, March 1966. 
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During Test IH-73, the Calspan amplifiers were used wi 
thru 41 for the FM-Multiplex Tape Recorder System. Incor amplif 
an" input i.mpedance of 1 Megohm were used for Channels 42 thru 66 
channels have a time constant of 1 sec. The heat transfer data 
factors for each group of channels are listed in the following t 
with the time during which the data were read on each run. 


th Channels 1 
iers having 
The latter 
correction 
able, along 
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Heat Transfer Rate Correction Factors. 


RUN • TI^E CH.^'ELS CH.ANNELS 

NO (Msec) 1-41 42-66 


4 

67 

1.94 

1.06 

S 

58 

1.77 

1 .03 

6 

50 

1.64 

1.05 

7 

60 ' 

1.81 

1.05 

8 

60 

1.81 

1.05 

9 

48 

1.61 

1.04 

10 

45 

1.56 

1.04 

11 

50 

1.64 

. 1.05 

12 

70 

2.00 

1.06 

13 

60 

1.81 

1.05 

14 

63 

1.86 

1.06 

15 

63 

1.36 

1.06 

16 

63 

1.36 

1.06 

17 

59 

1.79 

1.05 

18 

68 

1.96 

1.06 

19 

66 

1.92 

1.06 

20 

69 

1.98 

1.06 

21 

67 

1.94 

1.06 

22 

63 

1.36 

1 .06 

23 

63 

1.86 

1.06 

24 

60 

1.81 

1 .05 

25 

58 

1.77 

1.05 

26 

54 

1.70 

1.05 

27 

54 

1.70 

1.05 

28 

66 

1.92 

1.06 

29 

70 

2.00 

1.06 

30 

70 

2.00 

1.06 

31 

75 

2.10 

1.07 

32 

71 

2.02 

1.07 

33 

66 

1.92 

1.06 

34 

66 

1.92 

1.06 

35 

70 

2.00 

1.06 

36 

72 

2.04 

1.07 

37 

70 

2.00 

1.06 

38 

76 

2.13 

1.07 

39 

76 

2.13 

1.07 

40 

76 

2.13 

1.07 

41 

73 

2.06 

1.07 

42 

70 

2.00 

1.06 

43 

70 

2.00 

1.06 

44 

79 

2.19 

1.07 

45 

66 

1.92 

1.06 

46 

66 

1.92 

1.06 
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Heat Transfer Rate Correction Factors. 


RUN 

NO. 

TL^E 

(Msec) 

CH.4.NNELS 

1-41 

CH.A.NNELS 

42-66 

47 

64 

1.88 

1.06 

48 

73 

2.06 

1.07 

49 

73 

2.06 

1 .o:- 

50 

72 

2.04 

1 .07 

31 

53 

1 .'7 

1 .03 

32 

64 

1.38 

1.06 

53 

52 

1.67 

• 1.05 
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APPSIDEC D 


FLCT CALI3MTI0N OF MACH 3.p FI3EEC-IA.3S 
I'lOZZIF III IIASA/CALSPAH LUDvOIEG TUPS TuTTIS 
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Summar:/ 


?LCw 


CALIBHATICZi OF MACK 3.5 FI3FFGLA33 NCZZLE 
III IIASA/GAL3FAIT LUDVIEEG TUBE TUIEISL 


A series of calibration tests were performed prior to Space Shuttle 
Test IKT5 to determine the airflow characteristics of the contoured Mach 
3.5 fiberglass nozzle for the liASA/Calspan Ludwieg Tube Uind Tunnel. 
Supply tube operating conditions consisted of heated nitrogen (nominally 
300 °?) at pressures (P^) approximating the range required during the IH7 
test program of the I 9 -OTS Space Shuuule model. 

The average value of the Mach number determined from the calibration 
tests is 3 «^Sb. Tnere was no discernible variation in Mach number vtth 
Reynolds number over the range of the tests. 

Apparatus 

A three-armed ralte instrumented with pitot-pressure probes was used 
to survey the flow. Figure D1 depicts the rai:e configuration and defines 
the probe positions. ‘Tne flow sur^reys were made ’..’Ith the probes located 
at the exit plane of the nozzle, at a location 12 inches into t.:e nozzle, 
and 12 inches do'-mstream of the nozzle exit. In a.ddition, at the nozzle 
exit plane location, the rake was rotated u 90 ° from its nominal position 
to check flow symmetry. 

‘Tne pitot-pressure probes were instrumented with Calspan PGB-3T-21 
pressure transducers having a nominal sensitivity of 1.5 u/psi and a 
range of 0-3 psi. Tne nozzle flow stagnation pressure was measured with 
two probes instrumented with PZT-37-23 transducers that have a nominal 
sensitivity of 50 mv/psi and a range 0-100 psi. All transducers were 
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PxjOW CAj-;X3nATi.Ci. C? riACK 

IN IL4SA/CALS?AII LUI'iuEG TUBE TUTETZL (Continued) 

calibrated before and after nozzle flow calibra.tions . 

Calibration Teszs 

The nominal test conditions for the calibrations were a stagnation 
temperature of and a nozzle exit stazic pressure equal to l/2 the 

ambient pressure at altitudes of 100^ 110, I 30 and l40 KFT. Most of the 
calibration tests were made at the highest and lowest altitude conditions 
with onlj' one run at each of the two intermediate altitudes. Tne zest 
conditions for all runs are summarized in Table BI. 

Tne calibration results for the lowest altitude condition are sutoma- 
rized in Figure D2, which shows the radial distribution of both pitcz 
pressure normalized by stagnation pressure and Mach number. Because no 
flow asymmetry was detectable, the data from all three arms of the rake 
are plotted versus radial distance from the centerline. Tne identification 


numbers of 

the probes 

are shown along 

the radial di 

stance scale. 

Tne ca 

Tibrations 

for the highest 

altitude are 

summarized in Figure 


D3. Tne presentation of the data is the same as in Figure D2. Tne 
average Mach number of all the data shora in Figure D3 is 3*^93; w-hereas 
the average value for the data in Figure D2 is 3 •^77* Because the 
dix'ference is much less than the scatter of the data, a variation with 
altitude (or Re;molds number) can not be detected. Tnis is also evident 
in Figures through 1)8 . Figure Db shows data at each of the four test 
conditions with the rake in fixed position. Figures Bp through Bh com- 
pare data at the two extreme altitudes for various rake orientations and 
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- L'^"h J.X L/i'i Uj? i.'— ^ > x' X^Lrj-iT'.w^ i. i L/^liZjijUi 

III i'lASA/CALSPAIJ UJDwTEG- TU5E TUIEEL (Concluded) 

locations . 

Tile degree of flow syrmetry is best seen in Figures E9 ana DIO. wnic 
present data for the various orientations of the rake at the nozzle exit 
plane. Figure D9, which is I'cr the lowesz altitude test condition, shows 
exceptionally little scatter. Figure DIO is for the highest altitude. 

The scatter in the data measured by a given probe as the rake is rotated 
is much less than the variation 'vrith radial disnance. 

The data from the individual runs are sho’.-Tn in Figures Dll through 

D25. 
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SUMMARY OF CALIBRATION TESTS 
M = 3.3 NOZZLE, NITROGEN 


Run 

P4 

^4 

Rake 

Position 

Po 

To 

Number 

(psia) 

C°F) 

X (in.) 

#1 Arm 

Cpsia] 

C"F) 

1 B 

7.80 

358 

• 0 

Up 

5.95 

329 

2 

4.25 

363 

0 

Up 

3. 37 

314 

3 

2.18 

362 

0 

Up 

1.76 

313 

4 

7.. 70 

354 

0 

South 

5.99 

317 

6 

7.83 

362 

0 

North 

6.12 

328 

7 

1.50 

353 

0 

North 

1.24 

308 

8 

1.40 

356 

0 

Up 

1.23 

308 

9 

1.38 

362 

0 

South 

1.17 

303 

10 

7.95 

349 

+ 12 

Up 

6.19 

322 

11 

1.56 

317 

+ 12 

Up 

1.29 

280 

12 

7.78 

319 

-12 

Up 

6.06 

298 

13 

1.38 

311 

-12 

Up 

1.15 

271 

14 

7.70 

325 

0 

Up 

5.88 

301 

15 

7.68 

320 

0 

Up 

5.87 

300 

16 

1.38 

341 

0 

Up 

1.13 

280 


1. and T^ are static conditions in the supply tube prior to diaphragm rupture. 

2. X = +12" is into ithe nozzle, X = -12" is dovmstream of the nozzle exit. 

3. #1 Arm of the rake is identified in Figure Dl. 

4. No data were obtained on Run 5 because o£ a premature diaphragm rupture. 
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Figure D2. lOOK Foot Altitude Calibration Data at Various Rake Positions. 
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Figure d4. Calibration Data at Each Altitude with a Fixed Rake Position. 
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Figure D5. High and Low Altitude Calibration Data at a Fixed Rake Position. 
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Figure d 6. High and Low Altitude Calibration Data at a Fixed Rake Position. 
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Figure D7. High and Low Altitude CaK'bration Data at a Fixed Rake Position. 
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Figure D8. High and Low Altitude Calibration Data at a Fixed Rake Position. 
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Figure D9« Flow Symmetry at lOOK Foot Altitude. 
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Figure DIO. Flow Synmetry at l40K Foot Altitude. 
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Figure Dll 
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Figure D12. Run 2 Calibration Data. 
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Figure Dl4. Run k Calibration Data. 
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Figure D15. Calibration Data. 
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Figure Dl6, Calibration Data. 
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Figure Dl8. Calibration Data. 
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Figure DI 9 . Run 10 Calibration Data 
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Figtire D20. Run 11 Calibration Data. 
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Figure D21 
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Figure D22. Run 13 Calibration Data. 
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Figure D23. Run l4 Calibration Data. 
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Figure D24 
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Figure D25. Run l6 Calibration Data. 
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